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SUMMARY 

1. The Symptoms of black scurf disease of potato caused by 
Rhizoctonia solani Kuhn are described and literature rele­

vant to the control of tuber-borne inoculum reviewed. 

2. Pathogenic strains of R. solani were present on all 49 
certified seed lines screened during 1971 and 1972. 

3. Fifteen fungicides varied in their ability to prevent 
growth of Ro solani in poison food tests. An organic mer­
cury compound wa s the most effective, there being complete 
suppression of growth at 0.5 ug/ml a.i. Thiab endazole, 
benomyl, carboxin 9 chloroneb, thiram and two experimental 
compounds (BAS 3201F and BAS 3192F) were a lso highly 

effective with En50 values of less than 5 ug/ml a.i. 

4. The commercially recommended dipping time and concentration 
for use with organic mercury compounds inactivated scle ro­

tia. However, the mercury dip treatment as practised by 
farmers was considerably less effective. 

5. Very high concentrations of' benomyl (5000 to 7500 ug/ml 

a.i.) when used as a tuber dip were req_uired to inactivate 
sclerotia. 

6. Increasing dipping time increased the effectiveness of an 

organic mercury compound but not of benomyl. 

7. In glasshouse and field trials benomyl, thiabendazole and 
carboxin (all 10fo a.i.) when applied as tuber dusts gave 
excellent control of shoot lesioning arising from tuber­

borne inoculum. Dip treatment with an organic mercury com­
pound also gave good control. Captan, metiram (both 10% 
a.i.) and mancozeb (8% a.i.) were less effective but still 
gave appreciable control. 

8. Evidence was obtained indicating that benomyl, thiabenda­
zole, carboxin, metiram, capt an -and rnancozeb when applied 
as dusts to tubers had a fungistatic effect on sclerotia, 
whereas an organic mercury dip treatment was fungicidal. 

9. Benomyl was systemic in potato plants, the extent of uptake 
being dependent on the planting medium and the method of 

application. Uptake was greatest in perlite following 
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drench application. 

100 When benomyl and thiabendazole were applied as tuber dusts 
uptake was limited to the basal regions of shoots. 

11. Benomyl, thiabendazole and carboxin applied as dusts to 
seed tubers provided some protection against inoculum of 

B• solani added to the planting medium. 
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The potato, Sola11.,~~ !~P~~OSill2! L. is second only to wheat 
in importance as a food crop in New Zealando During the last 

five years the total area of potatoes grown has fluctuated be­
t ween 8,000 and 10,000 hectares, and the yield has increased 
steadily t o over 25 tonI1es per hectare (Table I) o 

Season 

~.£..1 Potato production in New Zealand. Aren 
and production for several recent seasons~ 

Yield ( ton:11.es/ha) Area (ha ) T-;~~al Yie ld 1, 
(-GOnne s) 

1 9-6-6---6-7 ___ 8 _, 0-2-0·-~~-,-~~~ 2~ 7 - ·*1~-~----23°. 3 5 

1967-68 9,517 235,831 ! 24.78 
• l 

196s-69 10,132 256,542 I 25032 

1969-70 9,92s 2s3~263 I 
I 

1970-71 
i 

7,689 (esto) I 
i 
I 
I 

-- - - · w - -~~~ _I 

* New Zeal and Official Year Book , 1972 . (Yield figures 
convert ed to metric equivalents)o 

** = 10015 tons/acre 

Although potatoes are grovm in all parts of New Zealand, 
the bulk of the market is supplied from three areas. The 
Pukekohe district supplies the early markets from September to 
December and also substantial quantities of mid-season and main­

crop potatoes. The February to July market is supplied princi­
pally from the Manawatu-Rangi tilcei district, and winter supplies 

(May to November) are drawn mainly from Canterbury, Otago and 

Southland (Claridge, 1972; Baxter, 1972). 

The bulk of seed potato requirements are provided by South 
Island growers, but increasing quantities are being produced in 

the North Island on properties situated at elevations greater 

than 305 metres (1,000 feet) above sea level. 
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Al though many pot a to varieties are gr01,m in this country, 

according to an estimate made for the 1967-68 season six 

varieties a ccounted for 89% of the total area (Claridge, 

1972)0 Figures extracted from the 1971-72 list of growers of 
provisionally certified crop s (Miller and Y.! ilson, 1972) in­
dicate much the same situation today (Table II)" 

Table -1]. The relat ive i mp ortanc e of the main 
potato varieti e s grown in New Zeal and. 

! I Variety 

I Percent ag; of- tota l r Percen-Gage of area 

I
! area occUDied by grown for certified 

each vari e ty s eed occup i ed by 
i 

t Ilam ~a;~ 
,

1 

J:,ucklana.er Short 
. Top 

+ 
each variety 

___ 1_:67-68 19~7_1_-1_2 __ _ 

35 45 

14 

i Sebago 12 

I Rua 11 

I
. Katahdin 1 O 

~d King Jldw~-~-

~---! 8~9-~ 

Driver (1963) considers t he following to 

portant disea s e s of the potato in New Ze al and. 

b e 

6 

7 
18 

6 

6 

-----
88 J 

the most im-

(1) La te blight (Phyt oph~hora infestans (Mont.) de Bary)o 
(2) Early blight (h_lternari a solani (El l, and 1\IIart.) 

Sorauer). 
(3) Wilt (Verticillium albo-atrum Re inke and Berthold; 

VerticillI'ufg dahliaJl Kleb .) 
(4) Blackleg (Erwini a aroideae (Townsd.) Holland; 

Brwinia atrose-otica (van Hall) Jennison; 
Er winfa .£.§J'Otovora(Jones) Holland) 

(5) Black scurf (Rhizoctonia solani Kuhn) :!< 

::: Although the existence of a pe rfect stage of this fu:pgus 
has been known since 1903, the mycelial (Rhizoctoni§) 
stage is predominant and for the purposes of this thesis 
the fungus causing black scurf of potatoes will be refer­
red to as Rhizoctonia solani. The perfect stage is a 
basidiomycete, Thanat~rus cucumeri ~ (Frank) Donk. 
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(6J Scab (§,tre~tomxces scabies (Thaxto) Waks man and 
Henric:11 

(7) Powdery scab (S :gongosl?ora :3ubterran~ Uvallro) Lagerho) 
( 8) Pinkrot (?h;1{to·,1htJ1ora _er;L_thf.:psept ica Pethyb r.) 

( 9) Virus disease s (leafrol l, virus e s :X , Y 9 A, S and M). 

Of the above diseas es, only five a r e consider ed by growers 

to be of sufficient significanc,e t o warrant control measur e so 

Control of l ate blight is b as ed on extensive :protective fungi­

cide spray program1YJ S, and the virus dis e ases are ke:pt in check 

by planting ce1•tified seed and the use of' systemic insecticides. 

By using certified s eed , s ome degree of control of blackleg and 

wilt is obtained since the certification scheme also t akes these 

diseases into accounto 

In the belief that shoot infecti on arising from tuber-borne 

sclerotia of Bo Ji.~lfilli significantly affects stand establishment 

many growe rs t ake st eps t o control this phase of the black scurf 

disease. Control in recent years has deyended almost entirely 

on the dip}) i ng of s eed tubers in solutions of organic mercury 

comp ounds to inactiva te scle rotia. Bec ause of the :persistent 

nature and high ITm.'ilali rul toxicity of these mercury fung icides 

the Agricultural Chemicals Boar d in October 1971 advised that 
use of such chemicals will be banned after two years (J oDo 

August, pers. c omm.)o This announcement has h ad the effec t of 

stimulating considerab le interest in al t ernat ive t ub er treat­

ments t o control black scurf. 

The present s t udy r e l ates to the se ed-b orne nature of black 

scurf and control of tub e r-borne inoc ulum by se ed treatments with 

alte rnative chemical compounds. 
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I NTRODUCTION 

Black scurf of potatoes, a disease of world-wide distri­
bution (Walke r 1 1952), is also known by a gr eat variety of 

other common names , eogo scurf, black speclc, stem canker 9 

littl e potato disease, Rhi zoctonia disease, blaclc scab (Dana, 
1925; Heald, 1926) and Corticium dis ease ( in reference to the 
generic name earlier appli ed to the pe1·fect stage of the fun­

gus) a In the present study "black scurf 11 is the preferred name 

as this is- the one most commonly applied in New Zealand, and 
aptly describes the evidence available to growers that inoculum 

is associated with a particular seed line. 

On account of its ready transmission by ...-vay of seed tubers 9 

bl ack scurf was prob ab l;y present in Nevv Zeal and from the time 

of the first introduction of the potatoa Howev er, it was not 
officially recorded until 1922 (Cunningham , 1922) and currently 
is widely distribut ed throughout New Zeal and (Cl aridge, 1972) a 

In spite of its prevalence and the widely held belief of its 
economic significance there have been no serious studies on the 
disease in New Zealo.nd since those of Cunningham (1925a, 1925b), 
Cunningham and Ne ill (1926) and Chamberl ain (1931 a , 1931b, 

1932a, 1932b, 1935). 

The following r eview· aims a t summari zing salient features 
of the disease cycle and other information considered relevant 

to the objectives of the present study. 

Ao SYMPTOMS 

Black scurf presents a great varie ty of symptoms and 

signs which may be expressed on shoots, stems, stolons, roots, 

tubers and in the aerial parts of the plant. 

(i) Shoots and Stemst When seed tubers sprout the growing 
tip is particularly susceptible to 

Rhizoctonia attack which is manifest as a reddish-brown 
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dry necrosis, which in turn induces shoot death. In such 

cases dormant buds mcy grow out from below the necrotic 
area or f'rom the base of' the original shoot to form sec­
ondary shoots (Figure 1). Depending on the prevailing 
soil conditions so these secondary shoots may or may not 

escape inf'ectiono Lesions may also develop along shoots 

as slightly sunken, reddish-bro vm , elongate necrotic 
areas which in extreme cases may girdle the stem (Figure 

2). It is this conspicuous phase of the disease which 
arouses the concern of' potato growerso 

In extreme cases where shoots fail to reach the soil 
surface the effect is one of "gappiness 11 in potato crops 

(Figure 3)o In less severe c ases where secondary and sub­

sequent shoots develop the effect is that of delayed and 

uneven emergenceo When cankers completely girdle stems 
immediately below ground level, the normal do\mward flow 
of carbohydrates to the developing tubers is disturbed, 

and their accumulation in the tops is accompanied by 

stunting, ros etting , formation of aerial tubers in axes of 
branches and petioles, and enhanc ement of purpling due to 
excessive anthocyanin formation (Walker, 1952)0 

(ii) Stolons and Roots: Reddish to dark-brown lesions similar 
to those occurring on shoots are fre­

quently found on stolons . The tips of stolons can be 
attacked (Figure 4), thereby preventing the formation of 

tubers, or stolons can be girdled at a later stage result­
ing in the production of undersized potatoes. A conse­
quence of death of some stolons on the one plant may be 
the production of oversized tubers on the surviving sto­

lons, due to reduced competition for nutrientso 

Root damage is said to be an important phase of the 

disease, especially under dry conditions where the for­
mation of new roots is r e tarded (Dana, 1925)0 Yellowing 
and rolling of leaves may accompany such damage (Dana, 

1925) and it is claimed by Gussow (1917) that the death 

of fine feeding roots, rather than stem lesions, account 
for the secondary symptoms in the aerial parts of plants. 



(iii) Tubers: Various tuber defects associated with B• solant 

have been described: 

(a) 

(b) 

(c) 

tuber pits (Morse and Shapovalov, 1914; Ramsey, 
1 917) ; 
tuber rots (Shapovalov, 1922); 

irregul ar, malformed tubers and surface russetting 
(Morse and Shapovalov, 1924; Dana, 1925). 

However, doubt has been expressed as to whether ]o solani 

is the primary pathogen causing tuber pits and irregular 

malformed tubers (Heald, 1926). 

A secondary conseq_uence of damage to both stems and 

stolons is the form ation of "little potatoes" in clusters 
around the base of sterns, or directly from the seed tuber 
on short stolons (Dana 9 1925). The "little :potato II con­

dition is illustrated in Figure 5. 

It should b e noted that some of the symptoms attri­

buted to this diseas e , particul arly aerial symptoms and 
"little :pot a toes" can arise from other sources. For ex­
ample virus diseases may induce rosetting 9 stunting, 
yellowing and leaf rolling (Dana, 1925) 9 and the "little 
potato" condition may result from the use o:f old or 
poorly stored seed tub e rs (Driver, 1972). Further, Edson 
and Shapovalov (1918) produced stem lesions on potatoes 
similar to those caused by Eo solani by inoculating with 
several other species of fungio Throughout the present 
study isolations were made in all instances where the 

cause of stem, stolon and root lesions was in doubt. 
Isolation and identification procedures are detailed in 

Af)pendix II. 

Bo SIGNS 

Dark brown or black sclerotia on tubers are the most 

characteristic and diagnostic signs of the disease (Figure 6). 
Such sclerotia are irregular in size and shape ranging from 

minute specks to large angular aggregates an inch or more 
across. They are entirely superficial but are firmly attached 
to the tuber surface and leave no perceptible scar when 
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removed. Dark brown runner hyphae of the fungus can be seen on 
the tuber surface connecting sclerotia, which are often located 
very close to eyes (Figure 7) and raay even f'orm over eyes. 

Fre~uently a conspicuous brown mantle of interlacing 
hyphae forms on shoots 9 roots and stolons (Figure 8). Such 

rnycelium may be abundant without causing any def'inite lesions, 
while in other cases lesions may be evident 9 and the mycelium 

relatively inconspicuous. Sclerotia are f're c:_u.ently formed f'rom 

these runner hyphae on shoots, roots and stolons (Figures 1 and 
8). 

Under warm, rnoist 9 condition •, mycelium may aggregate 
around stern bases to f'orm a whitish weft or mantle (hymenium) 

which bears the perfect stage of the f'ungus. 
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Figure 1 Fotato shoot symptoms caused by R. solani, 
showing the development of secondary 
shoots following death of primary shoots. 
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Figure 2 Girdling of potato shoots, caused by R. solani. 



Figure 3 "Gap:piness" in a commercial potato crop 
as a result of death of' shoots caused 
by R. sol~,. 

Figure 4 Death of stol on tip s , cau s ed b y R. eolani . 

7. 
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Figure 5 The "little potato" condition. 
Note lesions on shoots, caused by R. solani . 



Figure 6 Sclerotia of R. solani on seed tubers 
(var. Ilam Har dy, certified seed), 

Figure 7 Close-up view of tuber surface showing 
proximity of sclerotia and hyphae of 
E• solani to eyes. 



E_igure 8 Runner hy-phae and a scierotiwn of 
B· solani on a J? Ote.to shoot. 

10. 
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C. ETIOLOGY 

Primary infections may arise from either of two sources 
the soil 9 or sclerotia adhering to seed tubers (Heald, 1926; 

Butler and Jones, 1949; Walker 9 1952). Pathogenic strains of 
the fungus may be present in soil as a result of planting in­

fected tub ers and conceivably may survive there in three ways: 

(i) As a saprophyte. The competitive saprophytic ability 
of R. solani has been established (Blair 9 1943; 
Papavizas and Davey, 1962). 

(ii) As an active parasit e on other crop or weed hosts. 
Bo solant has a very wide host range (Baker, 1970). 

(iii) In a dormant state. The pathogen could well persist 
either as dislodged sclerotia 9 or as sclerotia assoc­
iated with crop debris. 

It is questionable whether strains of Bo _solani pathogenic 

to potatoes are present in virgin soils. Pratt (1918) in the 
United States obtained sclerotia on progeny tubers from 
sclerotia-free, treated seed and also isolated Bo solani direct­
ly from soiL However 9 he did not conduct any pathogenici ty 
tests. Thornton (1958), in New Zealand , isolated Ro solani 
from virgin soils. Although, in the experiments of Morrison, 

Ross and Thornton (1959) 9 these isolates were not pathogenic to 
potatoes, no isolate of known pathogenicity was included as a 
control and so these results are questionable . 

There are differing opinions as to the rel a tive importance 

of seed and soil inoculurn, al though fev! definitive experiments 

have been conducted. 

In the United States the experiments of Coons (1918), 
Melhus and Gilman (1921), Schultz, Gratz and Bond (1930), Schaal 

(1935) and Raleigh and Bond (1936) indic a te that the inoculum 
potential of Bo solani in their soils was very low and that 
tuber inoculum could be an effective source of the disease. In 
other experiments in the same country, however, the soil inocu­

lum load has been so high that seed treatments have been of 

little value (Bisby, Higham and Groh, 1923; Clayton, 1929; 

Dana, 1925). 
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Experiments in Canada (Sanford, 1936) to determine the 

effect of potato tuber tre atment on st era infection showed that 
one-third of the lesions which developed from planting non­

treated tubers could be tr aced to soil inoculum, although great 
variability existed b etween individual experiment So Sanford's 

studies involved 34 experiments conducted over three years 
under a wide range of field conditions which included different 

crop sequences, culture and soil typeso 

In the Netherlands, tuber-borne inoculum is considered the 
most important source of infection (Emde!1, Labruyere and 

Tichelaar, 1966) und a ll tubers destined for seed purposes are 
treated in that country (Ir. Th. de Bruin, perso comm.). 

Hide, Hirst and Griffith (1969) stat e that black scurf may 
as often, or even more often, arise from soil-borne inoculwn as 

that carried on tubers. However, their surveys of the health 

status of seed tubers revealed scleroti a of E" solani to be 
present in nwnbers considered sufficient to warrant seed treat­
ments (Hirst , Hide , Griffith and Stedman ., 1970). In Scotland 
it is not knovm hmv much infection is at tributable to soil­
borne inoculum under their conditions (A o Eo ;.\o Boyd, pers. comma) o 

In Victoria (Austr alia) tuber-borne inoculum is regarded 
ns an i mportant sourc e of infection - probably at least as im­
portant as soil-borne inoculum9 but the relative importance 
varies from district to district (Da E. Harrison, pers. comma). 

Experiments in New Zealand indica t ed that ,Eo solani in the 

soil can give rise to sclerotia on progeny tubers (Chamberlain9 

1931b, 1935)0 However, the pathogenicity of these strains was 

not establishedo 

One would be inclined to accept seed-tubers as the more im­

portant source of inoculwn but for the fact that several workers 

have shown only a small percentage of isolates from sclerotia on 

tubers to be pathogenic to potatoeso Sanford (1938a) assigned 
20-50% of 114 isolates from random sclerotia on random tubers 
from four fields to the zero or marginal classes of pathogenic 

ranko In Australia, tests with sclerotial isolates from a 
large nwnber of tubers indicated that less than 10% were patho­
genic to solanaceous hosts (Flentje, 1967)0 Person (1945) dem­
onstrated that 70% of 70 sclerotial isolates from potatoes from 



six States were either non-pathogenic or only slightly patho-
genie, and only 701 

;0 were strongly pr,thogenico 

Basidiospores are comr:10nly produc od in potato crops, but 
the part they play in the disease cycle is obscure. It is 

stated, without evidence, that basidiospores can germinate to 

establish myceliwn in the soil (Heald, 1926) and since basidio­

spore isolates have proved to be pathogenic to potato stems 

(Sanford, 1938a) it is conceivable that air-borne basidiospores 

may function to increase the soil inoculum 102d . 

EPIDEMIOLOGY 

Many soil factors, temperature, moisture, aeration, pH, 

texture, structure, nutrient status and microbial interactions 

may influence the development of black scurf, and of these, 

temperature and moisture are considered the most important 

(Heald, 1926; Butler and Jones, 1949)0 

Richards (1921), using Wisconsin soil temperature tanks, 
unsterilized soil and naturally infect ed tubers, demonstrated 

that lower soil temperatures were most conducive to the devel­

opment of stem lesions. He obtained l e sions on stems at temp­
eratures between 9C and 27C, with the most severe attack occur­
ring in the 12C to 21C range (optimum 18C). However, rel a tively 

serious damag e frequently occurred at temperatures as low as 9C. 
':'": ichards further observed that the destruction of growing points 

was most severe between 12C and 18C, but negligib le at and above 

21C. He also found that at 24C potato shoots emerged in about 

one-third of the time it took at 15C and this fact he suggested 

provided one explanation for the "escape" of shoots from injury 

at higher temperatures and the ability of later-formed second­

ary shoots to escape infection. 

Richards (1923) also conducted field experiments involving 

different planting dates and different years and successfully 

correlated the prevalence and severity of the disease with lower 

soil temperatures. 

In a series of tests with many isolates each uniformly in­

corporated in unsterilized soil, Sanford (1938b) was unable to 
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confirm Richards' resultso He concluded that the results ob­
tained in separate tests we r e not su:fficiently definite or con­

sistent to warrant the conclusion that disease expression was 
greater at 16, 18, 20 or 23/J, or that growing :point destruction 
was more severe at the lower temperatureso 

This apparent conflict can be explained when one considers 

the source of ini'ection in the two series of eA-:pe rimentso In 
Richards' studies, where tuber-borne inoculum was involved, it 

would seem reasonable for emerging shoots to "outstrip" the 
p a thogen at higher tempersturesa By contrast, in Sanford's ex­

periments infections arose from inoculum uniformly distributed 

throughout the test soil, in which case shoot ini'ections would 
be more likely to occur irrespective of soil temperatureo Per­

haps the work of Richards and Sanford allows the generalization 

tha t low soil t emperature enhnnces the :possibility of shoot in­
fections, irrespect ive of inoculum source, and t hat athigher 
soil temperatur es shoot destruction will be minimized if seed 

tub er s are the main inoculum sourceo 

No definite conclusion can be drawn as to the importance 
of soil moisture l evels in governing the extent and severity of 

black scurf 9 as appar ent from the studies of Sanford (1938b)o 
He noted that the recovery of the host by me ans of secondary 

and tertiary shoots was better in a we t soil t han in a dry one, 
regardless of temperature 9 but was unabl e to conclude whether a 
dry soil or a wet soil was more favourable for disease develop­
ment. However, according to Boyd (1969) and McKay (1955) the 
disease is more severe under dry conditions, and Clark and 
Martin (1931) demonstrated that cankering o:f stems and stolons 
was much more severe in soils with a 20% moisture content than 

in those with a higher moisture content. By contrast, Rolfs 
(1904) :found that heavy, poorly drained soils favoured the dev­
elopment of disease, and Schaal (1935) demonstrated that heavy 
irrigation increased the contamination of tubers with sclerotiao 

The growth of Ro solani through soil is restricted by poor 

aeration (Blair, 1943) and since aeration is influenced by soil 



moisture, structure and texture, all these factors could possi­

bly affect disease development. 

Soil reaction is regarded by Heald (1926) as an important 

factor influencing the severity of black scurf. He suggests 

that Ro solafil thrives best in acid soils and reports that lim­

ing crul reduce the severity of the disease. Morse and Shapo­
valov (1916) increased the infection of potato stems by 20% to 
30% with row applications of sulphur, which presumably lowered 

the soil pHo However, McGreary (1967) reduced the incidence of 

sclerotia on tubers with soil applications of sulphur and in­

creased the incidence with lime applications. Rhizoctonia 
solani grows through soil over a broad pH range with maximum 

growth at pH 7o0 (Blair, 1943) and Danish work (Frederiksen, 
Jorgenson, and Nielsen, 1938) demonstrated that soil pH within 
the range 4o7 to 7.6 was of little importance in the develop­
ment of stem lesions. It would seem that :pH within the range 

of most agricultural soils has little influence on the disease, 

although indirect effects of soil pH on available nutrients and 
the soil microbial population may be important. 

The nutrient status of the soil, both organic illld inorganic, 
will no doubt influence disease development because of effects on 

either the host, the pathogen or the other soil micro-organisms. 
Microbial interactions (synergism, antibiosis, hyperparasitism, 
fungistasis and lysis, competition) will also influence disease 
development. The effect of nutrition and microbial interactions 
on Rhizoctonia diseases in general and on the growth of Ro solani 

in soil are considered by Baker and Martinson (1970) and 

Papavizas (1970). 

According to workers in the Netherlands potato shoots be­
come more resistant to attack following emergence (Emden et al., 

1966). Thus, in any situation where shoot emergence is delayed, 
the chances of severe disease developing will increase, all 
other factors being equalo Factors which could reduce the rate 

of emergence of shoots include:-

(i) unfavourable temperature and moisture conditions; 

(ii) reduced vigour of shoots because of virus diseases, 
or poor storage treatment ot' se~d tubers; 
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(iii) planting doptho Storme r and Ebell (1944) obtained 
over a 50% increas e in the number of s ev erely dis­
eased shoots by increasing planting depth from 5 cm 
to 15 cm. Thus some c ontro l of the dis ease could 
b e obtaitied by sha llow plo.nting of tubers and using 
subse quent cultivations t o form mouldso This would 
increase the rat e of emergence of shoots, firstly 
b e c aus e of the shorter dist anc e they have to grow 
to re ach the soil surfa ce , and secondly, because of 
higher t emperatur e s within this shallower covering .. 

A common cultural practice used in New Zealand for weed 

control is to harrow down moulds shortly before the first shoots 

emergeo It would seem that this prac t ice has been an unconscious 

method of minimi zing the disease by allowing shoots to emerge 
more g_uiclclyo 

By contrast, cultural practices associated with use of pre­

emergence herbicides enhance the likeliho od of shoo t infe ctiono 

Wee d control in this manner i nv olves moulding the crop i mmedi­

ately pri or to emePgence followed by spray applica tion of the 

herbicideo Since the mould s are subse~uent ly left undisturbed, 

potato shoots a r e required t o g rovv up through a considerable 

dep th of soil with gr eatly increas ed chanc es of shoot infection 

occurringo This would apply mor e p articularly to such v arietie s 

a s Rua and Seb ago which inherently a r e sloH eme r ging o 

Eo EXTENT OF LOSSES 

Reports as to the loss dir ectly attributable to black 

scurf are conflicting. 

Estimates from the United States b e tween 1928 and 1939 
claim an average loss in yield of 2.5%, with up to 10% loss re­
ported from some States (Wood, 1932; McCallan, 1946)0 Reports 
of individual experiments conducted in the United States invol­

ving seed or soil treatments and/or seed selection indicate 

losses as either, severe (Cook and Lint, 1916; Richards, 1923), 
moderate but still significant (Dana, 1925; Leach, Johnson and 

Parson, 1929; Schultz _tl al., 1930; Raleigh and Bond, 1936; 
Livingston, Oshima and Morrill, 1962; Cetas, 1971; Davis, 

Groskopp and Callihan, 1971), slight (Coons9 1918; Schaal, 



1935; Schultz, 1966), or negligible (Heald, 1926; Biehn 9 1969; 

Cetas 9 1969a 9 1970; Easton 9 Maxwell, Oldenburg and Ande rson 9 

1970; Harrison 9 Johnson and Barmington 9 1970)0 

However, the losses r eported by some of the above investi­

gators varied from year to yearo For example 9 Richards (1923) 

obtained a 50% yield increase by seed treatment in 1918 but 

only a 15% increase in -1919 . Likewise, Schultz,, .£:t. ~al. (1930) 
and Raleigh and Bond (1936) obtained yield increases of up to 

201~ with seed treatments in some years but no increase in other 

years. 

In Ca11.ada (Sanford, 1937) extensive experiments failed to 

show any consistent effect s of the disease on total tuber yield, 
or the yield of large size or small si ze tubers. 

Small (-1943, 1945) a s a r e sult of exp eriments conducted 
over four years 9 concluded that black scurf causes little, if 
any , loss under farm conditions in Englando He l'ailed to show 
any r eduction in yield despite qui t e severe attacks on shoots 
and stolonso Other experiments in the United Kingdom involving 
seed selected for the extent of infection vrith sclerotia indi­
cated only slight losses in yield in all instances (Hirst , et 

al., 1970)0 Only a 6% to 7% reduction in yield resulted from 
planting severely infect ed seed, while modera tely infected and 

unse l ected s eed gave yield reductions of 4% to 5% and 3% res­
pectively. 

Australian and Dutch workers consider that the most im­
portant effect of black scurf is on the quality (size, shape 

and colour) of harvested tubers (Do Eo Harrison, :pers o comm.; 

Emder. et al., 1966). However, significant increases in yield 

have been obtained by control of seed and soil inoculum in both 

Australia (DoE. Harrison, pers. comm.) and the Netherlands 

(Ten Boer, 1958; Lint and Emden, 1957). 

In New Zealand the experiments of C<ll!lingham and Neill 

(1926) using seed treatments, and those of Chamberlain (1932b) 
involving seed selection and seed treatments failed to show any 
consistent effect of the disease on yield. Chamberlain con­
cluded that treatment of seed potatoes under New Zealand con­
ditions was not warranted, mainly because of the doubtful eff­
ect of black scurf on yield and the possible injurious effects 



of the then available seed treatments. 

In field trials in the Rangitikei, Booth (1963) obtained 

increases in the yield of table potatoes of up to 27% following 

seed treatmento However, there was no evidence provided to 

prove that this increased yield was in fact due to control of 

blacl< scurf o 

Several factors could account for the variability ap~arent 

in the experiments reviewed aboveo 

(i) In studies involving s eed and soil treatments, these 
treatments themselve s could have reduc ed yields, 
for example in the experiments of Dana (1925), 
Chamb erlain (1932b) and Sanford (1937)0 

(ii) Seed selection may not have been effective in pro­
viding inoculum-fre~ cieed o Minute sclerot ia and 
mycelium on "clean" tubers could provide sufficient 
inoculum to confuse resultso 

(iii) In experiments involving seed trentments 9 soil in­
oculum could have confused the results obtained, 
and vic e versao 

(iv) In individual tests unsuitable environmental con­
ditions or the absence of pathogenic strains could 
well have accounted for the absence of any adverse 
effect on yieldo 

(v) V·7here misses occurred or plants 1vvere severely dis­
eased then adjacent plants could have compensated 
to an extent that yield was not reducedo Hirst et 
_alo , ( 1970) have demonstrated in heal thy crops that 
removing 24% of the plants from r andom positions at 
emergence only resulted in a g;/o reduction in total 
yield. They also claim that to obtain a 5% decrease 
in yield (approximately the least decrease that ex­
perimentally can be reliably detected) at least 15% 
of the plants would have to be removed at emergenceo 

It must be appreciated that the above percentages 
relate strictly to the circumstances of their ex­
perimentso Prevailing environmental conditions, 
variety, seed size, within-row and between-row spac­
ing are all factors which in any cro:p could influence 
the degree of compensation provided by adjacent 
plant so 
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Fo DISCUSSION 

From the above review it is clear that in spite of consid­

erable research throughout the world, there is little agreement 

on such b asic questions as to th e relative importance of soil­

borne and tuber-borne inoculum, the influenc e of sp ec ific en­

vironmental factors and the economic significance of the dis­

easeo This is unders tandable if one accepts that each planting 

is in effect a unique situation. In every situa tion there will 

be variation in the s eed-tuber and/or soil inoculum load, and 

the extent to which inoculum from either s ourc e will cause loss 

will b e dependent in part on the virulence of the strain of 

R. solani pr esent, and the prevailing soil 

tions. Obviously then , t her e is d anger in 

aspect of the pot a to black scurf disease. 

:present study one basic as sumption is ma de: 

envir onment al condi­

generalizing on any 

Nevertheless, in the 

- that in New Zealand tub er-borne inoculum is the mor e 
important sourc e of infection. 

This view is held for the following reasons: 

( a) 

(b) 

In most instances }_)otatoes are grown in soil out of 
long established pasture s. Chamberlain (1 935 ) in 
this country demonstrated that r e turni ng soil to pas­
tur e for 3 to 4 years practic al ly eliminated Ea 
solani. It follows that with the exception of those 
areas where potatoes are continuously cropped (e.g. 
Pukekohe) the s oil-borne inoculum load must inevitably 
b e low or non-existent. 

In a health survey of certifi ed seed pota toes 
(Appendix III) path ogenic strains of R. solani were 
present on all lines examined, indicating seed-tubers 
as a consistent source of inoculumo 

An obvious corollary to the above-stated premise is that 
control of black scurf will be conse quent on use of an effect­

ive method of inactivating inoculum associated with seed tubers. 

Since mercury based compounds currently used for dipping seed 
tubers are to be withdravm from the New Ze aland market later 

this year (JoD o August, pers. commo), there is obvious need for 

assessing the effectiveness of alternative chemical compounds 
t'or seed tuber treatment. This has been the major objective of 
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the present stud.yo Specifically the work has involved: 

(a) Screening a range of fungicides as to their ability 
to prevent mycelial growth and inactivat e sclerotia 
of B• solani under l abora tory conditions. 

(b) Determining the capacity of various fung icides to 
prevent development of shoot lesions when applied as 
seed tub e r treatments under glas shouse and fi eld con­
ditions . 

(c) Investigations on the systemic properties of some 
fungicides in relation to prevention of shoot 
lesioning. 
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LABORATORY SQREENING OF FUNG.1.,CIDES 

THE POISON FOOD TECHNIQUE 

1. Introducti_Q.U: Many in ~ and in viY.Q techniques 
have been developed during the last 40 

years that attempt to measure the fungitoxicity of chemi­

cals or compare the fungi toxic values of' che-micalso In 

vitro tests are basically modifications of the so-called 
spore germination method Gnd the poi son food technique 9 

and these have been reviewed by several 

(Horsfall 9 1945 9 1956; McCallan 9 1959; 
more recently by Neely (1969). 

investigators 

Torgeson9 1967), 

In the :present study the poison food technique was 
used; that is 9 comr:iarisons were made of the radial growth 

rates of the fungus on substrates impregnated with dif'fer­
ent concentrations of fungicideso The method was largely 

developed for work with wood-rotting fungi (Horsfall, 
1956) , but is equally useful with organisms which either 
do not sporulate , or cannot r eadily be induced to do so in 
the laboratory (Torgeson 9 1967). Many other investigators 

have previously used this technique to ccreen candidate 

fungicides against E• solani (Edgington and Barron 9 1967; 
Borum and Sinclair, 1968; Al-Beldawi and Sinclair, 1969; 
Darrag and Sinclair 9 1969; Al-Beldawi and Pinckard, 1970; 
Snel, von Schmeling and Edgington, 1970; Bollen and Fuchs, 
1970; Edgington 9 Khew and Barron, 1971; Davis and 

Pinckard, 1971). 

2. Materials and Methods: Tests were conducted with 15 
ftLngicides (Table III) using 

three isolates of R. solani obtained from lesions on potato 
shoots from three different seed lines. 

Each fungicide was tested initially at concentrations 
of o, 5, 10, 20, 50, 100 ug/ml active ingredient (a.i.) in 

PDA:r, or PD~. Since in this e~periment 6 of the 15 



Common Name 
or Code Noo 

c~rboxin 

oxycarboxin 

thiabendazole 

fuberidazole 

benomyl 

BAS 3201F 

thiram 

BAS 3192F 
mancozeb 

metiram 

captan 

chloroneb 

Table III Fungicides used in poison food testso 

Trade Name 

Vitavax 

Plantvax 

Mertect, Tecto 

Benlate 

Bavistin 

Thiram 80 

Dithane M.45 

Polyram Combi 

Orthocide 

Baytan Forte 

Demo sa.i.7. 

-
Chemical Name a~ Formula~.J:..2.D. 

5, 6-dihydro-2-methyl-1, 4 oxathiin-3-carboxanilide. 
, W 

10% /w. 
5, 6-dihydro-2-methyl-1, 4 oxathiin-3-carboxanilide-4, 

4 dioxideo 75 ~ wj\v. 
2-(4-thiazolyl) benzi:r:-iidazole 10% w/w 

,v 
2-(2-furyl) benzimidazole 50% '/w 
methyl 1-(butylcarbamoyl)-2-benzimida zole carbamate 

· Yv 
50% /w 
1-(f2-(methylthio ) e thY17carbamoyl)-2-(methoxyamino) 
benzimida zole 50% w/w 
bis(dimethylthioc arbamoyl)disulphide 80% w/w 
2, 5, -dimethyl-furane-3 carbonic acid anilide 50% w/w 
Co-ordination product o~ zinc ion and maneb (~anganous 
ethylene bis dithioc artanate) 8% w/w 
A complex of zineb and polyethylene thiuram disulphide. 
10% w/w 
N-( (trichloro:nethyl)thio)-4-cyclohexene-1, 
2-dicarboximid~ 10% w/w 
2-methoxyethyl mercuric chloride (MEMC) (6% Hg) 
1, 4-dichloro-2, 5-dimethoxybenzene 65% w/w 

ctd. over 
I\) 
I\) 

• 



Table III Fungicides used in poison food testso (ctd) 

~ ~ 

Common Name Trade Name ~mical Name and Formula~~on or Code No. 

quintozene Terrachlor pentachloronitrobenzene (PCNB) 75% w/w 

ethazol Terrazole 5-ethoxy-3-trichlorome thyl-1, 2~ 4-thiadiazole 

-

w 35% /w 

I\) 

\.N 
• 
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fungicides were completely inhibitory to .Eo J.30lani at con­

centrations of 5 or 10 ug/ml aaio 9 further tests were con­
ducted with these 6 chemicals at 0 9 Oo5 9 1o0, 2o5, 5.0, 
7.5, and 10.0 ug/ml a oio 

In preparing the poison food plates with each fungi­

cide, the method of Hor ( 1972) was used with minormodifi­
cationso ~ Seventy-five millilitres of sterile molten 

PDAL or PDP"]) were added to each of the required number of 

sterile flasks (150 ml) and maintained at 55C in a water 
bath. For the initial tests a stock solution of each fung­

icide (500 ug/ml ao io) was :prepared by adding the aypropri­

ate amount of fungicide to 250 ml of sterile distilled 

watero For tests involving lower concentrat ions (0-10.0 

ug/ml a. io) a second stock solution was :pr epared by dilut­

ing a 500 ug/ml ao io solution to 50 ug/ml ao io With the 

aid of a pipette the required volume of fungicide from the 

stock solution was added to sterile dis tilled water to ob­

tain 75 ml aliquotes, each double the concentration to be 

testedo Each was then added to cne of the flasks of double 

strength PD/~ maintained at 55C. Controls consisted of 75 

ml sterile distilled water added to 75 ml double strength 

PDAo The flasks were shaken to mix 

thoroughly, and the contents poured 

plates at a rate of 16-17 ml/plateo 

the agar and fungicide 

into nine :plastic petri 
Once cooled the plat e s 

were centrally inoculated with a mycelial plug (4 mm diamo, 

mycelial face downwards) removed from four to seven day old 

test cultures. Three replicates were used for each treat­

ment. 

The inoculated plates were incubated in the dark at 

24C until control colonies had reached the edge of the 

petri dishes (approximately 75 hours) at which time the 

radial grovvth of each culture was recorded by averaging tvvo 

measurements at right angles to each other. 

Tests were also conducted to determine whether the 

action of the fungicides was fungistatic or fungicidal. At 

:ic The method is summarized schematically in diagram for·m 
in Figure 9o 
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f A 

INITIAL TESTS 

x150 ml :fl&lik 
each containing 
:75 ml o:f double 
strength PDAo 

Figure 9 

TESTS AT LOWER 
CONCENTRLTIONS 

7x150 ml :flasks 
each containing 
75 ml o:f double 
strength PDl'"° 

< 

~ 
6 :flasks con- j 
taining 150 ml 
agar and fungi­
cide at 0 9 5, 10, 
20, 50, 100 ug/m 

1ao io 

FUNGICIDE 
I 

INITIAL TESTS 

250 ml flask con­
taining 500 ug/ml 
ao i o fm1gicide in 
250 ml sterile dis­
tilled watero 

6x150 ml flasks 
containing 75 m 
fungicide at o, 

"~ 1 0 9 20 9 40 9 1 00 ' 
· , 200 ug/rnl ao i o 

~ 
"'~ 

:..i. 

7 flasks containing 
150 ml agar and 
fungicide at O, Oo5, 
1009 2o5, 5o0, 7059 
10o0 ugLml a.i. 

flask 

TESTS /~T LOWER · 
CONCENTRJ:.TIONS 

250 ml flask 
containing 
50 ug/ml a.i. 
fungicide in 
250 ml sterile 
distilled watero 

7x150 ml :flasks 
containing 75 ml 
fungicide at o, 
1.0, 2009 5.0, 
1 0 0 0 9 1 5 0 0 9 20 • 0 
ug/ml aoio _ _ _ _ 

Diagrru~ of procedure used :for poison food assay of fungicides. 

[\' 
\..' , 
0 
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the end of each experiment :.:ycelial plugs vvhich showed no 

evidence of growth were transferred to PDAL plates free 

of fungicideo The :plugs were examin8d for Lycelial 

growth after three days incub a tion at 24Co If growth re­

sumed it would indicate that the fungicide was simply in­

hibiting growth, ioe. fungist atic action. If, however, 
growth was not evident the fungicide presumably killed 

the fungus, in which case the act ion was fungi-cidal 

(McCallan and Wellman, 1942) o 

Fungicides were tested in groups of three since it 

was not convenient to test all 15 concurrently. Re sults 

for each fungicide are expressed as percentage inhibition 

of radi a l growth as compared with controls, and since con­
trols were included in each experiment the results from 

individual tests ar e com:parable o 

..2..!..__Results and Discussion~ The results are illustrated 

graphic ally for all fungi­

cides (Figure 10), and photographically for captan, 

benomyl and thiabendazole (Figures 11 anc1 12). The fungi­

cides are also rru1ked, firstly accor ding t o their approxi­

mate ED 50 values (Table IV), and secondly, according to 

the lowest concentration tested whi ch completely inhibited 

mycelial growth (T ab l e V) o 

Table IV Ranking of fung icides according to ap:proxi­
mate ED50 value s. * 

ED~O (ug/ml aoio) 

< 5 5-10 10-20 20-50 

MEMC captan metiram PCNB 

·-

thiabendazole fuberidazole mancozeb oxycarboxin 
benomyl ethazol 
chloroneb 

BAS 3201F 

carboxin 

thiram 
' 

BAS 3191F 

* the concentration required to inhibit radial growth 
by 50'/o. 



Table V Ranking ot' t'ungicide s accorGing to the ~owest 
concentration t ested which comple tely inhibited 
mycelial growtho 

---~--~---~·~-----~--~----- ------ - ---·---------, 
L_owest concentr~tion teste d which conu.l~tely inhibited myceli~l g rowth 

(ug/ ml a o io J l 
< 5 

MEMC 

thiabendazole 

BAS 3201F 

benomyl 

5-10 

chloroneb 

thirarn 

50 

t'uberidazol e 

BAS 3192F 

50-100 

mancozeb 

me tiram 

l 100 

ethazol 

c apt an 

, ----------J 
• I 

. ) 100 i 
carboxin 

I 

b 
. j 

oxycar oxu: 

PCNB 

I\) 

-J 
0 



Figure 10 Effect of various rat e s of fungicide, 
incorporated in PDA 9 on three isolates 
of Ro solani expressed as p ercent age 
inhibitionof radial growth. 

Ao carboxin 

Bo oxycarboxin 

Co fuberidazole 

Do BAS 3192F 
Eo rnanc ozeb 

F e metirarn 

Ga capt an 

Ho PCNB 
L ethazol 

J. benornyl 
1;· thi abendazole l\. o 

Lo BAS 3201F 

Mo thiram 

No chloroneb 

28. 
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A 

B 

Figure 11 Growth of B• solani on PDAL plates containing 
fungicide at various rates. 
Top row, left to right, plates contain o, 0.5, 
1.0 ug/ml a.i. respectively. 
Bottom row, left 2.5 ug/ml a.1., right 5.0 
ug/ml a. i. 

A. benomyl 
B. thiabendazole 

43. 



Figure 12 Growth of B• solani on PDAL plates containing 
captan at various rates. 
Tep row, left to right, plates contain O, 5, 
10 ug/ml a.i. respectively. 
Bottom row, left to right, plates contain 20, 
50, 100 ug/ml a.i. respectively. 

44. 



All fungicides tested showed some activity against 

Eo ftOlan~ 9 but some were obviously more effectiv e than 

otherso The organic mercury cornyound (MEMC) was the most 
effective, there being complete suppression of growth at 
the lowest concentration t ested (Oo5 ug/ml aoio), and PCNB 
and oxycarboxin the least eff ective .. In addition to MEMC, 
seven other fungicides were highly toxic to _Bo solani with 
ED50 values of less than 5 ug/ml aoi. 

;?hen the fungicides ar e r a ted as in Table V, the 
most notabl e diffe renc e from the En50 rankings is the rele­

gation of carboxino It should be noted that results in 

this experiment were obtained from radial growth measure­
ments only, no account being t alrnn of the density of 

mycelial growtho Carboxin, even at low concentrations, 
markedly reduced the density of grov.,rth of E• solani as corr.­

pared with controls and other chemic als. Thus radial 
growth measurements m0.y not have given a true assessment of 

the effectiveness of this fungicide. 

The r esults obtaine d for the three isolates of Ro 

solani were si~ilaro However 9 some diff erences did occur, 

particularly when considering the l owest concentration of 
fungicide which completely inhibited mycelial growth, 

(eogo BAS 3201F, metiram and mancoz c:b)o Isolate III, which 
was the slowest growing, appeared to b e more resistant to 
some fungi c ides than the other two isolates. Differences 
in the sensitivity of different isolates of Bo solani to 
various fungicides has been not ed by Sinclair (1960), 

Maier ( 1962), Thomas ( 1962) and Shatla and Sinclair ( 1963),, 

When mycelial plugs showing ·no growth were transferred 

to fresh PD~ the effect of all fungicides tested, except 
MEMC at 2.5 ug/ml a.L and above, thirarn at all concentra­
tions tested, and mancozeb at 100 ug/ml a.io, was shown to 
be fungistatico The results obtained with MEMC and manco­
zeb demonstrate that both fungistatic and fungicidal act­
ivities can be produced by the same chemical, depending on 

its concentrationa This effect was also noted by Neely 
and Himelick (1966). The time or exposure of a rungus to 
a particular chemical is also known to influence :fUngi-
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static/fungicidal properties (Lilly and Barnetts 1951)0 

~ summary of the results obtained by other investi­

gators using the poison food technique vvi th Bo solani is 

presented in Tabl e VIo Tho results obtained in the pre­

sent study are essent ially similar to those in Table VI, 

but with some exceptionso Thes e differences can probably 

be attributed to variation in sensitivity of the different 

isolates usedo 

4o Conclusion: The problem of int erpreting these results 

is a major one c It is possible to rank 

the fungicides according to their relative abilities in 
inhibiting mycelial growth but where does one draw the line 

between effective and non-effective fungicides in terms of 

likely field performance1 Even the least effective fungi­

cides in the above tests ri1ay provide adequate control of 

the disease in a field situa tion if sufficient fungicide is 
used. Howev er, taking into account such f actors as econo­

mics, phytotoxicity and r esidues, the most acceptable fung­

icide for fiel d use will be the one activ e a t the lowest 

concentration, all other factors be ing egualo 

Benomyl and MEMC were selected for furthe r lab oratory 

studies and toge ther vii th thiabendazole, carboxin, mancozeb 9 

captan and metiran for glasshouse and field trinlso MEMC 

was included for comparative :purposes and the other six are 

either currently recommended for seed-tuber treatment in 

New Zealand, or are in experimental use. A further con­
sideration in s e lecting the fungicides was their varied 
ability to inhibit mycelial growth of B· solani in the 

foregoing poison food experiments. 
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Table VI Results of poison food assays obtained 
with Eo solani by other investigators. 

Fungicide 

carboxin 

oxycarboxin 

benomyl 

thiram 

captan 

chloroneb 

ethazol 

ED 

( 
.~.5.Q. ) 

ug/rnl a o io 

< 100+ 

approx. 
80.0 

20-50 
30 6 

( 2. 5 

( 15 

poncentration 
at which com­
plete . inhibi­
tion obtained 
-rug/ml a. j. 

1

) 

5.0* 

) 50 

1 o.o (90% 
inhibo) 

sign. inhibo 
at 5.0 

2.5 

sign. inhib o 

at 5.0 

15 
100* 

1 o ~~ 

100 

5-8 
150* 

sign. inhib. 
at 0.25 

3ot::* 

sign. ibhib. 
at Oo5 

I 

Invest ig at Q.£.§ 

Edgington~ Wal ton and 
Miller ( 1966) 

Edgington and Barron 
( 1967) 

Borum and Sinclair 
( 1968) 

Mathre ( 1 968) 
Snel~ et al. (1970) 

Ragsdale and Sisler 
( 1 970) 

Davis and Pinckard 
t 1971) 

Edgington et al. 
( 1 966) 

Mathre (1968) 
Sne 1 et fil. ( 1 970) 
Al-Beldawi and Pin-

ckard ( 1 970) 
Bollen and Fuchs 

( 1970) 
Davis and Pinckard 

( 1971) 
Edgington., et al. 

(1971) . - -· 
Bollen (1972) 
Vaartaja ( 1960) 
Kendrick and Middleton 

( 1954) 
Vaartaja (1960) I 
Kendrick and Middleton I 

( 1954) 
Hock and Sisler (1969) 

Darrag and Sinclair 
( 1969) 

Davis and Pinckard 
( 1971) 

Al-Beldawi and Sin­
clair ( 1969) 

Davis and Pinckard 
( 1971) 

ctd. over 
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~ ( ct d) 

ED Concentra tion Fungicide (ug~-:io) at which com-
12.,l~te inhibi.: Investigators 

tion obtained 
Tug7ml ao i:T" 

PCNB 10:1< Kendrick and Middle-
ton ( 1954) 

No inhib. Va.artaja (1960) at 350* 
Oo75+ Eckert ( 1962) 

* Large differ enc e s from result s in Table V. 
** Complete inhibition at 30 ug/ml aft er 76 hours but sparse 

growth aft er this time. 
+ Convert ed from molar concentr ations. 



Bo THE EFFECT OF BENOMYL AND MEMC ON THE VIABILITY OF 
SCLEROTIA 

49. 

1 o Introduc!_i_@: Assessment on agar of the viability of 

sclerotia removed from tubers treated 
with fungicides is a technique widely used in studies re­
lating to black scurf control (Melhus and Gilman, 1921 ; 
Thurston, 1921; Cunningham, 1925aj 1925b; Schaal, 1939; 

Chamberlain, 1932a; Sanford and Marritt, 1933; Graham, 
Srivastava and Foister, 1957; Graham, 1960; Kooistra, 
1971). 

In the following experiments this method was used to 
determine: 

1. The effect of dipping time on the viability of 
sclerotia from seed tubers i:m.rr.ersed in varying 
concentrations of benomyl and MEMC. 

2o The efficiency of the mercury (MEMC) di:p treat­
ment of seed tubers as practised by farmerso 

2o Materials _and Methods : 

ExI2._eriment I~ Suspensions of benomyl and solutions of 
MEMC of the following conc entrations were 

prepared in 500 ml of tap water : 

benomyl 

MEMC 

O, 1000, 2500, 5000, 7500 ug/ml a.i. 

O, 50, 100, 150,200,300 ug/ml a.i. 

Five tubers with abundant sclerotia were dipped for 1, 5, 

15 and 30 minutes in each concentration of benomyl and for 
0.5, 1, 5 and 15 minutes in each concentration of MEMC. On 
removal the tubers ·were allowed to dry and 50 to 60 sclero­

tia (avoiding the very thick and very thin) from each treat­
ment were placed (five per plate) on water agar containing 

50 ug/ml each o:f streptomycin and penicillino After two 
days incubation in the dark at 24C germinated sclerotia were 

removed from each plate to prevent developing mycelium from 
overgrowing non-germinated sclerotia. Final assessment of 

viability was made after a further two days incubation. 

With practice it was :possible to macroscopically recognise 
the characteristic hyphae of Bo solani emanating from scler­

otia (Figur e 13). However, depending on the particular 



Figure 13 Germination or aclerotia or 
R. solani on WA arter three 
days incubation at 24,C. 

50. 
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fungicide and concentration used, fungal and bacterial 

contaminants often grew out from sclerotia 1 in which cases 

it was necessary to confirm ident ifica tion by examination 

under a compound microscope (x 100). 

Experiment II: Sample tubers were obtained of four seed 

lines dipped in MEMC by comme rcial potato 
growers. The viability of 50 to 100 sclerotia from ten 

tubers of each seed line was determined following the 
method described above. 

~. Results and Discussion: 

Experiment I 

(a) b enornyl. The r esults (Tabl e VII) show tha t at all 

concentrat ions increased dipping time failed to consistent­

ly influenc e the germination capacity of sclerotia. This 

is understandable since benomyl acts fungistatically 

(Kooistra 9 1971) . That is 9 in this eX];)eriment dipping :pro­

vided a co ating of fungicide only to the exposed surface of 

sclerot ia 9 whi ch meant tha t on agar 9 mycelium was able to 

dev elop fro m that surface which had been in contact with 

the tuber. This also explains the inability of benomyl to 

prevent the development of mycelium from sclerotia at con­

centrations v ery much gr eater than those which completely 

inhibited mycelial growth in the :poison food tests, 

(Chapter II 9 A) o 

Table ..Y,11. 

Conco 
ug/ml a.i. 

0 
1000 
2500 
5000 
7500 

Effect of dipping time and concentration 
of benomyl on viability of sclerotia. 

Time of dipping (minutes) 
1 5 15 30 

% germination of sclerotia 

100 90 91 90 
63 86 76 73 
23 19 41 20 

2 10 14 0 
15 0 3.5 8 
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The results also show that for each treatment time an 
increase in concentration of benomyl was associated with de­

creased percentage germination of sclerotia . This raises 
the question of whether some fungicidal activity may occur 

at the higher concentrations and in turn 1vvhether 9 when used 

as a dip treatment, benomyl could serve as a replacement for 

the organic mercury fungicideso However, to be acceptable 

there would need to be a greater degree of effectiveness in in­

activating sclerotia o This could possibly be achieved by 

the addition of adjuvants such as wetting agents and miner­

al oils, or by solubilization of these fungicides wi th 

acidso Grahari1 (1960) demonstrated that the addition of 

wetting agents to mercury fungicides markedly increased 

their effectiveness in lcilling scleroti a o Further, when 

minersl oils were added to benomyl 9 thiabendazole and car­

boxin more effective control of vascul a r and foliage dis­

eases v1as obtained by Sol el , Pinkas and Loeb ens t cin ( 1972) 
and Smith and Crosby (1972) which they sugge sted may be due 
to enhanced penetrati on of plant tissues by the fungic ideso 

Buchenauer and Erwin ( 1971 9 -1972) obtained control of 
Verticill ium -1-dlt of cott on by s :9r aying with acid solutions 

of benomyl anc1 thiabendazol e whereo.s non-acidified suspen­

sions had no effect on thG disease o 

(b) :W!EMC. The results (T ab l e VIII) show that at con­

centrations of 50 , 100 and 150 ug/ml a .io an increase in 

Cone. 
ug/ml ao i. 

0 
50 

100 
150 
200 
300 

Table VIII Eff ect of dipping time and con­
centration of HEMC on viability 
of sclerotiao 

Time of dipping (minutes) 
0.5 1 5 

% germination of scle rotia 

96 96 94 
50 44 24 
14 10 0 

8 2 0 
0 0 0 
0 0 0 

15 

96 
0 
0 
0 
0 
0 



dipping time from 0.5 to 15 minutes provided a progressive 

improvernen t in the lethal effect of MEMC on scleroti a. 

This is explained by the fact that the organic mercuries 
are fungicidal in action (Kooistra, 1971) 9 which requires 

that dipping be of sufficient duration to enable complete 
penetration of sclerotiaa 

The results also show that for each treatment time 

the effectiveness of MEMC increased as the concentration 

increasedo It should be noted that the figures in Table 
VIII record only the percentage of sclerotia germinated 

and take no account of the vigour of germinationo Even at 

50 ug/ml aoio and dipping times of 0.5 and 1 minute those 
sclerotia which germinated did so only slowly and the my­

celium which developed was relatively sparse. This aP.plied 
more particularly a t the higher concentra tions. Taking 

this into account it would seem that the commercial recom­
mendation of 0.5 to 1 minute dip in a solution containing 
150 ug/ml a.i. (0,5 lb Baytan Forte/20 gal water) provides 
an effective means of controlling tuber-borne inoculum. 

Experiment II; The results (Table IX) show that up to 69fo 

of sclerotia fr orn se ed t ubers dip treated 
by f armers were viable. Several factors could account for 

this apparent ineffectiveness of the treatment in field 
practice. 

Dipped 

Table IX Efficiency of MEMC dipping as practised 
by commercial potato growers. 

Test 
1 2 3 4 

% germination of sclerotia 

8 7 69 22 

Non-dipped 91 82 - -
------
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1o Under commercial conditions approximately one ton of 

seed is required to plant an acre 9 and depending upon 

the acreage involved so regular fortification of the 

dipping solution and the preparation of fresh solutions 

may be necessaryo Failure to follow the manufacturer 's 

specific recommendations in this regard could result in 

reduction of the solution concentration to a l evel ren­

dering it ineffective. 

2. Depending on ground conditions at the time of lifting 

and subsequent handling of tubers so large amounts of 

soil can adhere to seed tuberso The protection thus 

afforded sclerotia could prevent sufficient fungicide 

penetrating to be effectiveo 

3o The length of time of dipping is probably not a criti­

cal factor since it would be difficult to have tubers 

in contact with the fungicide for l ess than one minute 

and tubers, after di:PJ?ing 9 oft en remain wet for long 

periods of time o For example, in one commercial system 

described by Wilson ( 1971) tubers remained wet for up 

to six weekso However, where tubers are allowed to dry 

rapidly and one or both of the above factors operate 

also, length of dipping time mo.y be of significance& 
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Chapter III 

GLASSHOUSE AND FIELD_TRI,8-1,$ 

The poison food tests (Chapter II) revealed several fungi­

cides to be highly toxic to Eo solani at low concentrationso 
However9 their performance in control of the black scurf dis­
ease was not knovmo Accordingly, a series of glasshouse and 
field studies were conducted aimed specifically at determining 

the relative effectiveness of the chemicals in preventing shoot 
infections arising from tuber-borne inoculum. Except for MEMC 

the fungicides (benomyl, thiabendazole, carboxin, metiram, cap­
tan, mancozeb) were applied as dusts to seed tubers, as recomm­

ended by the manufacturerso 

GLASSHOUSE TR+Jil& 

1. Materials and Methods: The tubers used were from acer-

tified seed line of the variety 
11am Hardy, and carried abundant sclerotia. Groups of 60 
tubers were selected at random and the following treatments 
applied: 

benomyl 

thiabendazole 

carboxin 
metiram 
captan 
mancozeb 
MEMC 

10% a. i. dusts 

8% a. i. dust 

l 
ApDlied at rate of 
10g dust;kg tubers 

1 min. dip in a solu­
tion containing 150 
ug/ml Hg. 

Each dust treatment was applied by agitating the ap­
propriate amount of fungicide with the 60 tubers in a 
plastic bago On removal of the tubers the plastic bags were 
weighed to ascertain how much dust had actually adhered to 

the tuberso 

In the organo-mercury dip treatment 60 tubers were im­
mersed in MEMC for one minute. 



Controls were provided by 60 untreated tuberso 

Tre a tments were applied eight days before planting in 
field soil (Manawatu silt loam9 pH 6 05)0 Since the soil 
was from a fiel d in which potatoes had been grov,rn four 
years previously there was a possibility of the results re­

flecting control of both tuber-borne and soil-borne inocu­
lumo This problem was overcome by using heat treated soil 

(80-90C for one hour) as a controlo That is 9 for each tu­
ber treatment 30 tubers were planted in treated soil, and 
the remainder in non-treated soil. 

Tubers were planted in the soil at a depth of 10 to 

13 cm in black polythene bags* (Figure 14) which were ran­
domly set out in a heated glasshouse, the air temperature 
of which ranged between 1 ":t:, and 35C. 

After 22 days when plants were 7 to 10 cm high (Fig­

ure 14), tubers were dug and the shoots assessed for sever­
ity of disease using a visual rating, as follows: 

0 - no lesions 

1 trac e superficial lesion 
2 intermediate stage 
3 shoot severely l esioned or g irdled but not dead 
4 shoot dead 

From these figures a disease index was calculated for 
each treatment, following the formula devi sed by · Davis. et 

fil• (1971), namely, 

Index_ E~c~ass
2 

x number of shoots in a given class) 
- total number of shoots per treatment 

For each treatment the number of emerged shoots was 

also recorded as a percentage of the total shoots produced. 

At the completion of the foregoing experiment the 
effectiveness of the different tuber treatments in inacti­

vating sclerotia was investigated. Twelve tubers from 

each treatment were washed thoroughly to remove the associ­

ated :f'ungicide, allowed to dry and the viability o:f' sclerotia 

* These bags are manU:f'actured by Plastic Products Ltdo, Hamilton, 
and in the horticultural trade are known as 'planter bags', 
which term is used hereina:f'ter. 



Figure 14 Planter bags used in glass­
house trials. Potat oes 
after three weeks growth in 
non-treated soil. 
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(50 per treatment) was assessed by plating to water agar, 

following the method previously described (po 49)o 

2o Results and Discussion: 

(i) Shoot infections 

The r e sults are summarized in Table X and Figure 15. 

(a) Non-treated Soil : The fact that 43% of shoots 

from the untrea t ed (control) tubers were killed in­

dic a ted a r elatively high inoculum loa d being as­
sociated with the seed, and the environmental con­

ditions being conducive for establishment and dev­
elopment of inf'ectionso 

All trea tments gave some measure of control of the 
diseaseo Howev er, the mercury dip trea tment was 

out standing in that total cont rol was achievedo 
Benomyl, t hiabendazole and carboxin were also 
highly effective, with r e l atively few shoots ex­
hibiting lesions . Me t i r am 9 mancozeb and captan 
were les s effective but still gav e appre-ciable 

controlo 

The emergenc e figures also r efle ct the degree of 

disease c ontrol achiev edo That is, for each treat­
ment there was a strong c orr el a tion b e t ween the 

percentage shoot emer genc e and the disease index. 

(b) Treated Soil: In heat treated soil the disease in­

dex of t he control series wa s only slightly greater 

than in non-treated soil, indicating the soil in 

this experiment to be an insignificant source of 
inoculumo Fewer shoots were killed and this is re­

flected in a higher percentage emergence. However, 

it should be noted (Table X) that many shoots 
(treated soil) wer e in category 3, suggesting that 
in time some of these would have succumbed. 

Of the treatments MEMC, benomyl, thiabendazole and 

carboxin were most effective , almost total control 
being provided by each. 

Conversely, relatively little control was pro­
vided by metiram, captan and mancozeb . 
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Table X Efficiency of fungicides in controlling 
shoot infections when applied as tuber 
tre atments: Glasshouse Trials. 

. 
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Emergence Percentage shoots (;& shoots Disease 
in each class emerged) Index* 

0 1 2 3 4 

Natural soil I 
control 35 29 0 4 24 43 9.20 

metiram 75 56 4 9 19 1 2 4o03 

mancozeb 76 60 2 6 24 8 3.70 

captan 78 57 2 11 23 7 3.65 

benomyl 87 92 5 2 1 0 Oo22 

carboxin 97 94 4 
i 

1 0 0 0 .. 08 

thiabendazole 88 94 5 1 0 0 0o09 

MEMC 89 100 0 0 0 0 o.oo 

- -- ---- ---- - ~ 

~~eated soil 

control 65 25 5 5 40 25 7.85 

metiram 74 41 1 5 34 19 6. 31 

mancozeb 63 42 8 I 2 20 28 6e44 

captan 60 28 5 5 34 28 7°79 
benoo.yl 86 72 17 1 6 4 103.9 

carboxin 89 91 8 1 0 0 o. 1,2 

thiabendazole 91 95 4 1 0 0 0.08 

MEMC 98 90 8 2 0 0 0.16 

* Index _ EJ..class
2 

x no. of ....§.h.<2Q.1S in _g_iven class) 
- total no. of shoots per treatment 



Figure 15 Potato shoots from seed tubers treated 
with various fungicides and planted in 
non-treated soilo 

Ao control (seed tubers non-treated) 

B. benomyl 

c. thiabendazole 

D. carboxin 

E. MEI'.1C 

F. capt an 
G. mancozeb 

Ho metirarn 
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It is difficult to reconcile the degree of control 

achieved by metiram, captan and mancozeb in treated 

soil with that obtained in non-treated soil. An 

obvious interpreta tion is that these three fungi­

cides were in f act ineffective again Ro solani and 

that the mecsure of control obtained in the non­

treated soil was simply an expression of antagonism 

by components of the soil ~icrobial population ag­

ainst tuber-borne inoculllIIlo However, such a hypo­

thesis is invalidated by the fact that the disease 

index f or the control series (tubers not treated) 

was slightly greater in the non-treated soil than 

in the treated soilo 

Considerable differences were noted in the ability 
of the fung icide dusts to adhere to tuberso The 

following are the percentage values of dust ad­

hering t o tubers following treatment in plastic 

bag s prior to planting: benomyl, 70%; captan, 50% : 

mancozeb 9 83%; meti r am , 63%; thiabendazole, 90%; 
carboxin 9 60%. It is not kno1.m whethe r these dif­

ference s are due to inherent variation in the abi ­

lity of the dusts to adhere or are mere l y the ex­

pression of differences in formulation. 

It is unlikely tha t the degree of disease control 

was influenced by variation in the ability of the 

dusts to adhere to seed tubers since macroscopi­

cally it appeared that total coverage was achieved 

in all treatments. This raises the question of 

whether the fungicide application rate (10 g/kg) 

could be reducedo It should be noted, however, 

that tuber trea tments in these experiments were con­

ducted wi th small numbers of tubers under ideal 
circumstanceso Because dusting under farm condi­
tions is likely to be much less efficient it would 
seem prudent to abide by the recommended rate of 
applicationo 

Since in this study benomyl, thiabendazole and car­
boxin provided a high degree of disease control it 

is possible that formulations of each fungicide 
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containing less than 10% a. i.. may be equally effec­

tivec This aspect merits further investig ation. 

It is interesting to not e that the fungicides which 

provided the best control o~ shoot l es ioning under 

glasshouse conditions (MEMC, benornyl, carboxin, 

thiabendazole ) were t hose that were most eff'ecti ve 

in inhibiting mycelial growth of Ro s'21..filli in poi­

son food tests (Chapt er II)c It would seem that in 

this s tudy the poison food te st 0 :c1s a satisfactory 

indic a tion of the likely ability of a chemical to 

control the black scurf d isease. However, many more 

chemicals would need to be tested to see if this 

correlation persists before any definit e conclusion 

could be drawn. 

(ii) Viability of sclerotia 

The results (Table XI) show t hat, with the e::<;ception 

of MEMC 9 a l ar ge percent age of sclerotia were viable 

after contact with the v a rious fungicides, indicating 
tha t only MEMC was fungicidalc Sinc e benomyl, thia­

bendazole, c arboxin, metiram, ca:ptan and mancozeb all 

reduced the s everity of shoot lesions as compared with 

the control (Table X) 9 one must conc lude that t he se 

dusts were acting fungistatically. That is, the disease 

control provided by these chemicals r e sulted from the ir 

presence on the outside of sclerotia yreventing the de­

velopment of mycelium without a ctually killing sclerotia. 

In this regard benomyl, thi abendazole and carboxin were 

obviously more effective fungistats than metiram, captan 

and mancozeb. 

In a field situation it is possible that leaching 

could remove sufficient dust to allow sclerotia to ger­

minate at some later stage so that, while providing con­

trol of shoot lesioning, stolon and root infections 
could develop. This later germination could also lea~ 

to the development of sclerotia on progeny tubers and 

the establishment of the pathogen in soil which means 

that these fungistats would not affect the survival of 

R. solani from one season's crop to the nexte 



I control 

Non-treated I 
soil 1 

60:-:< 

Treated I 66 soil 

jbenomyl 

I 80 

l 82 

~able XI Viability of sclerotia removed 
from tubers dusted and :planted 
in soil (for three weelcs ). 

thiabendazol:-r c ,,rboxin l metiram i cap~an T :anco:~-liEMC , 

40 ·1 28 I 88 I 68 i 72 I o 

36 20 66 54 74 

l 
I 2 1 

1_J 
* figures a re% geroina tion of scle rotia 

O'I 
-J 
0 
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A surprising feature of the results was the relat­

ively low percentage germination of sclerotia from non­

treated soilo A possible explanation is that the 

sclerotia were so depleted by germination during the 
three weeks in soil as to render them no longer viable . 



Bo FIELD TRIALS 

Four trials using t wo sclerotia-infected certified seed 

lines (varo Ilam Hardy) were conducted to determine the rel­

ative effectiveness of several fungicides 9 alone and in com­
bination9 in prev enting shoot infections under field condi­

ti onso 

1 0 Material and Methods 

The following treatments were appl ied in Trials 1 9 3 

and 4. 

benomyl 

thi abenc7.azole 
carboxin 

metiram 
captan 
mancozeb 
benomyl-captan 

) 

) 

thiabend azole-captan l 
carb oxin-captan 

10~& a. L dusts 

8% aoi. dust 

5% ao i. of 
each chemical 

Applied at rate 
of 10 g dust/ 
k g tubers 

MEMC 1 min. dip in a solution containing 150 ug/ml Hg. 

In Trial 2 only benomyl, carboxin, thiabendazole, captan 
and benomyl-capt an were usedo 

Untreated tubers served as controls in each trial. 

The treatments were applied within the week before 

planting and for each trial 20 tubers of each treatment were 

planted 13 to 16 cm deep and 10 to 13 cm apart. 

Details of the four Trials are given in the following 

tables. 

-
~RIAL SOIL SEED DATE TIME UNTIL 

PLANTED ASSESSMENT 
( daYs) 

Kairanga silt loam Ilam Hardy 
1 pH 603 27 /9/72 33 

In potatoes 1971/72 line K/1004+ 

Manawatu silt loam* Ilam Hardy 
2 pH 604 28/9/72 36 

In potatoes 1968/69 Line K/1004+ 

~ same soil as used in glasshouse trials 
+ Same seed line as used in glasshouse trials 
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TRIAL SOIL SEED DATE TIME UNTIL 
PLANTED ASSESSMENT 

3 

4 

(days) -
Manawatu silt loam* Ilarn Hardy 

pH 604 "30/9/72 33 
In potatoes 1968/69 line K/1004+ · 

Manawa tu silt loam•;; Il o.m Hardy 
pH 6.4 20/10/72 31 

' In potatoes 1968/69 line F/1408A 

I w...- ·- -
~ Same soil a s used in glasshouse trials 
+ Sane seed line as used in glasshouse trials 

After digging, shoots were assessed for severity of dis­
seasc, emergence figur e s were rec orded and disease indices 

calculat ed, a s for the g l a sshouse trials (p.56). 

2. Results and Discussion 
. -

The results are summarized in Tables XII and XIII . 

With the except ion of Trial 1 the results obtained gen­

erally r efl ect what occurred in the glasshouse trials in 
non-treated soil. Th2t is 9 benomyl, thiabendazole and car­

boxin gnve excellent control of the disease whe reas captan, 

mancozeb and metiram were l e ss effective but still gave 
appreciable control . MEMC gave a l most total control of 

shoot lesioning in Trial 3 but was less effective in Trial 

4. Benornyl, thiabendazole and carboxin, each in combin­
ation with captan, were also highly effective. 

The results of Trial 1 wero at considerable variance 

with those of Trials 2, 3 and 4 in that each fungicide was 
much less effective. Thls can be explained if one accepts 
that the soil of Trial 1 had a high inoculum load against 
which the tuber treatments were relatively ineffective. 
This suggestion is reasonable since the soil of Trial 1 was 
in potatoes the previous year whereas the soil of the other 
three trials was laot in this crop in 1968/69. Particular 
support for this suggestion is provided by a comparison be­
tween Trials 1 and 3 where the seed lines and seed treat­
ments were identical and the planting time and soil type 
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Table XII Efficiency of fungicides in controlling 
shoot infections when applied as tub er 
treatments: Fie l d Trials 1 and 2o 

Tri~--1 

control 
benomyl 

thiab enda zole 

car"boxin 
metiram 

captan . 
manc ozeb 
benomyl-

c aJ;) tan 
thiab endazole-

c aptan 
, carboxin-

ca:ptan 

MEMC 

- -
Trial 2 

control 

benomyl 
thiabendazole 
carboxin 

ca:ptan 
benomyl-

captan 

* Index 

--·-- l Emer gence Percent age shoots in Disease 
(% shoots each class 
emerged) 0 1 -2-· 3 4 Index* 

.. ~ .. ~ 

59 21 5 10 36 28 8.17 
61 17 I 8 15 28 32 8.32 
87 31 

I 
21 15 26 7 4.27 

95 60 9 12 14 5 2o63 

80 62 ' 0 10 18 10 3o62 

80 35 9 14 26 16 5o55 
81 23 5 22 33 17 6.62 

94 73 5 6 14 2 1 o 87 

73 34 4 16 28 18 6.08 

83 38 8 8 32 14 5.52 

~ 59 7 16 19 9 3086 

·-

! 
58 31 5 14 33 17 60 30 
80 93 3 2 2 0 0.29 

83 89 6 3 2 0 0.36 
82 94 2 2 2 0 Oo28 

66 92 0 2 4 2 0.76 

85 94 6 0 0 0 0.06 

= ];_(class2 x no. of shoots in given class) 
total no. of shoots per treatment 
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Table XID Efficiency of fungicides in controlling 
shoot infections when applied as tuber 
trea tments: Field Trials 3 and 4o 

-
Emergence Percentage ru1oots in 
(% shoots each class Disease 
emerged) ~ - Index* 

0 1 2 ~ 1..t. 

Trial J 
' 

control 75 38 6 8 26 22 6024 
benomyl 93 100 0 0 0 0 0o00 

thiabendazole 95 100 0 0 0 0 o .. oo 
. carboxin 90 98 1 1 0 0 0.,05 

metiram 94 86 4 8 2 0 ' 
ca:ptan 88 74 6 10 9 1 
mancozeb 90 76 6 6 10 2 

benomyl- 90 , 100 0 0 0 0 cap tan 
• thiabendazole- 89 95 4 1 0 0 captan 

c a rboxin- 96 93 2 4 1 0 ca:ptan 

MEMC 93 95 4 1 0 0 
! 

Trial ¼ 
control 74 22 

r 
7 17 32 22 

benomyl 100 95 4 1 0 0 
thi ab endazole 97 95 2 2 0 1 

carboxin 85 73 6 13 8 0 

! metiram 86 51 0 2 35 12 I captan 92 58 9 6 22 5 
mancozeb 84 42 6 13 29 10 
benomyl- 98 81 3 8 7 1 captan 
thiabendazole- 99 57 17 17 9 0 captan 
carboxin- 97 99 0 1 0 0 

captan 
MEMC 97 48 19 17 15 1 

* Index = E(class2 x no., of shoots in given class) 
total no., shoots per treatment 

Oo54 
1 .43 
10 52 

0o00 

Oo08 

Oo27 

0.,08 

7.,15 
0.,08 
0 .. 26 
1. 30 
5.15 
3.,11 
4.79 

1.14 

1. 66 
0.04 

2.38 

I 
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very similar, the only major variable being the cropping 
history of the two soilso Although in Trial 1 some fungi­

cides apparently performed better than others it is not 
clear whether these differences are a cons equence of vari­

ation in soil inoculum load or differences in the ability 
of the fungicides to control soil inoculum. 

Emergence figures in all Trials generally reflect the 

degree of disease control obtaincdo However, very few ac­
tual "misses" occurred in the controls or in any one treat­
ment. 

No markedly phytotoxic effects occurred with any 

treatment although shoots from thiab endazole treated tubers 
were slower to emerge and less vigorouso This effect was 
not noted in the glasshouse trials. 

Contrary to overseas reports results of the present 

study indicate that the organic mercury dip treatment of 
seed tubers as recommended by the manufacturer's (Oo5 to 1 

minute dip in a solution containing 150 mg/ml aoio) was 
highly effective in inactivating scleroti a and in prevent­

ing the development of shoot lesions. In Australia it is 
considered that instantaneous dips are ineffective in the 

field control of the disea se and that treatments with MEMC 

of at least 15 and preferably 30 minutes are required 
(Harrison and Downi e , 1955; Do Eo Harri son and Wo Ao Downie 
perso commo). Similarly in the Ne therlands there is doubt 

as to the effectiveness of the standard recommendations. 

According to Emden . et al..!', ( 1966) -
"it is erroneous to think that seed tubers with 
many or large sclerotia can be freed completely 
from infestation by applying the standard dis­
infection procedures, because these methods are 
only sufficient to kill mycelium and small 
sclerotia. In order to disinfect completely 
s6ed tubers carrying an appreciable density of 
sclerotia the prescribed concentration should 
be at least doubled and the duration of treat­
ment considerably prolonged. 11 

Likewise in the United Kingdom disinfection of seed 

tubers with the organic mercury fungicides seldom completely 
eradicates _Bo solani (Hide et al., 1969; Hirst et al., 

1970.) 



The results from some overseas investigations on the 

effect of fungicide dust applications to seed tubers on the 

development of shoot lesions are summarised in Table XIV 
and in general agree with those obtained in the present 
stu~y. However, there is some variability between the 

overseas tests with the same chemical which can probably be 
attributed to the varying importnnce of seed and soil ino­

culum in each experiment. Presumably these experiments had 
been designed to obtain control of tuber inoculum since 

tuber treatments were used, but only Schultz (1966) makes 

mention of sclerotia on the seed tubers and Schultz (1966) 
and Davis e1 al. (1971) are the only investigators who men­
tion previous cropping programmeso 

Tuber treatments with specific fungicides could well 

contribute to the control of other fungal pathogens in one 
or more of the following ways: 

(a) control of tuber-borne inocUlum 

(b) prevention of contamination of clean soils 
(c) control of disease during storage if treatments 

ar e applied soon after lifting 

Although the fungi in the following list are recorded 

as potato pathogens in New Zeal and (Dingley, 1969), their 
importance and prevalence is un..1mown and there would appear 

to be considerable scope for investigation of these dis­

eases and their control under New Zealand conditionso 

filseasJi 
Skin spot 
Silver scurf 

Gangrene 

Dry rot 
Powdery scab 

Common scab 

Pink rot 
Leak 
Wilt 

Pathogen 
Oos:Q.,ora pustulans Owen and Wakef o 

JielminthosporiUI] ~olani Dur. and Mont . 
Phoma P.xigua Desm. 
Phoma f£Veata Forster 

Fusarium spp. 
Spongospora subterr_anea (Wallr .) Lagerh. 

Streptom~c~s scabies (Thaxt.) Waksman 
and Henrici 

Phytophthor§ er~throseptica Pethybro 
Ptlhium ultimum Trow 
Verticillium Plbo-atrum Reinke and Berthold 
yerticil~ dnhliae Kleb. 



benomyl 

thiab endazole 

carboxin 

metiram 

captan 

mancozeb 

Table XIV E:ffect of' fungicide dust treatments on shoot lesioning~:1 : 

results of overseas experiments. 

Schult z , 
( 1966) 

++ 

I Jones, J Cetas, 
Easton, 

Cetns Bailey & 
(1969) (1969a) ( 1969b) 

I 

* 

Nagle
1 ( 1970 

++ 

' I 0 
l 

++ ++ 
' 

0 
I 

+ 

0 I + 

0 + 

0 = No control of stem lesioning 
+)) = Intermediate stages 

++ 
+++ = Total control 

Cetns) Cetas, 
(1970 ( 1971) 

.. 

j ++ I ++ 
l 

I i 
++ 

+ 

+ + 

+ ++ 

+ ++ 

I 

Davis, 
Grosko:i;:i:p 

& I Callihan, 
( 1971) -

· ++ - test 
O - test 

7 

1 
2 

--J 
\J1 
0 



To obtain control of some of the above diseases as 

well as black scurf it may be necessary to use combin­
ations of fW1gicides, particularly where microbial 

antagonism is eliminated or suppressed by use of a par­

ticular fungicideo For example 9 since the pythiaceous 

fungi are insensitive to the benzimidazoles (Bollen and 

Fuchs 9 1970; Edgington et alo, 1971) the activities of 
these fungi may be accentuated with serious effects if 

benzimidazole fungicides are used aloneo 
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SYSTEMIC ACTIVITIES OF FUNGICIDES IN POTATO PLANTS 

In theory, systemic fungicides would have several advant­

ages over non-systemic fungicides when used as tuber treatments 

for control of potato black scurf: 

1o Protection against soil inoculum by virtue of their 
systemic uptakeo 

2o Protection against tuber inoculum not controlled by 
the tuber dusto 

3o Inactivation of shoot infections which occur during 
storage. Chamberlain ( 1931 a) has shovm that when 
potatoes are st or eel. in dillilIJ conditions Ro solani can 
become active, forming sclerotia on shoots""and tuberso 

.Addi tionnl benefits from systemic fungicides could result 

from control of such pathogens as VerticilliUil} albo-atrum 
Reinke ancl Bertholcl., Vo dahliae Kleb. and Sclerotinia sclero-

- , W ~ - -

tiorum (Lib.) de Bary. Verticillium spp. are sensitive to the 
benzimidazoles (Erwin, Mee and Sims, 1968; Erwin, Sims and 

Partridge, 1968; Bollen and Fuchs, 1970; Edging ton et ~lo, 
1971) and c arboxin (Edgington and Barron, 1967). So sclero­
_:tiorum is sensitive to benomyl (Pennycook and Corbin, 1970) and 
currently this fungicide is recommended as a foliar spray for 

its control in potatoes. 

The systemic pro:oerties of benomyl, thiabendazole and car­

boxin in a wide range of plants are well known (Catling, 1969; 
Weinke, Lauber, Greenwald and Preiser, 1969; Erwin, 1970; 
Hor, 1972; Kirby, 1972)0 Claims have also been made for the 
systemic activity or translocation of captan by Stoddard (1954), 
Napier, Rhodes, Turner, Tootill and Dunn (1957), May, Palmer 
and Hacskaylo (1958), Wallen and Hoffman (1959), Rosen (1959), 
and May and Palmer (1959). However, Fawcett, Spencer and Wain 

(1958) were unable to confirm the results of Napier ,tl fil• (1957), 
and Somers and Richmond (1962) found only trace amounts of cap­
tan in bean leaves after the application of relatively heavy 
doses to the roots. They suggested that any chemotherapeutic 
effect of captan cannot be attributed to its systemic activity 

but probably to some interference with host metabolismo ~s 

suggested by Burchfield (1967) it is unlikely that captan is 



translocated for any distance in vascular tissue owing to its 

extremely high instability in aqueous media (Burchfield and 

Schectman 9 1958)0 

There are no reports known to the writer in which the up­

take and translocation or systemic activity of benomyl, thia­

bendazole, carboxin or ca:p tan in potatoes has been investigated. 

Accordingly the :following studies were undertaken. 

Ao 1 o A preliminar;y experiment to determine whether benomyl is 

Ao 

systemic in potato plantso This experiment involved 
different planting media and methods of application of 
the :fungicide. 

2. A trial to determine whether uptake and translocation 
of bonomyl, thi abendazole anc1- cap t an occurs :following 
dust applications to seed tubers. 

An experiment to determine whether fungicides applied as 
tuber dusts provide systemic ~rotection against inoculum 
o:f Bo sol~~i added to perlite. 

UPI'AK:FL__,iliD TR\:C:-SLOCl,TION OF FUNGICIDES I N P.QT.i:.TO SHOOTS 

1 o Experiment I 

Using benomyl as tho test fungicide initial studies 
sought to estab lish wh0ther upt 8ke 811d trnnsloc ~tion occur­

red in pot~toes plonted in s oil 9 perlit e , rmd n blend of 
peat und perlite o For esch planting medium benomyl was 

applied 8S a tuber dust, 2s n drench nnd by incorporating 
into the medium, the latter two each nt two r Rteso 

An agar Dlate bioassay was used to reveal whether up­

take and translocation had. occurredo In this method the 
:fungitoxicant diffuses :from tissue pieces into the surround­

ing seeded agar and inhibits the growth o:f the test fungus. 
The amount of :fUngitoxicant is indic a ted by the diameter o:f 

the resultant zone of inhibition. 

(i) Materials and Methods: Tubers (varo Ilam Hardy) were 

planted 7 to 10 cm deep at 

the rate of :four per planter bag in three media: 

(a) a sandy-loam soil, heat treated (80-90C for one 
hour), pH 607 

(b) a peat:perlite (coarse grade), 1:2 mix, without 
fertilizer, pH 4.5 

(c) perlite (coarse grade), without :fertilizer, pH 7.8 
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For each medium there were three methods of appli­
cation of benomyl: 

(a) ~ dust (10% a .io) a~plied at a rat e of 10g 
dust per kg tubers. 

(b) 8 drench at r ates of 250 ug/ml a.i. and 
500 ug/ml a .i. ~p~lic a tions of 1000 ml/ 
planter b ag of each suspension were made a t 
s even days and s eventeen clays aft er planting. 

(c) the fungicide was uniformly mixed into each 
medium at r a tes of 0.3 g a .io and 0.6 g a.i. 
per litre of media. 

There were thus 15 fungicide trea trnents 9 plus three 

controls (untreated tubers in the three planting 

media) giving a total of 18 tre atments. Two bags 

(i.e. eight tubers) were used for e ach treatment. 
The media were watered a t the time of planting and 

thereaft er as r eguir edo 

Following 31 days gr ovvth in a glasshouse ( t emperature 

10-26C) tub ers were dug 9 washed fr ee of t he planting 

medi a and the shoots de t ached . Roo t s and stolons 
were removed from shoots and the shoots washed thor­

oughly to r er.;1ov e external fungicide. These shoots 
were then sterilized by exposure to pr opylene oxide 

fumes for 16 hours i n sealed bell jars. 

The ~gar _12latLbioassay r,1ethod 

PenicilltUI]:! s:9p. ar e commonly us ed a s test organisms 
against benomyl in agar p l a t e bioassays (Erwin 9 Mee 

and Sims 9 1968; Hine 9 Johnson and Wenge r, 1969; 
Jacobsen and \>h lliams, 1970; Biehn and Dimonµ,1971). 
The test organism in the present study was a species 
of Penicillium shown to be highly sensitive to benomyl 

(Appendix IV). 

(i) PreRaration of the double strel},gifl SRore 
auspenaiorr 
Cultures were prepared by flooding PDA:L plates 
with a spore suspension which were then incubated 

at 24C in the darlc for four to five days. This 
resulted in an even production of spores over the 
agar surface. The plates were then flooded with 

sterile water and the resulting conidial suspen­
sion shaken vigorously in a McCartney bottle to 
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disperse the conidiao 'rhe suspension was then ad­

justed to give a final concentration of approxi­

mately 40 x 104 conidia/ml (doubl e strength) in 

200 ml sterile distilled wa t er c The spore concen­

trc1tion was determined using a Neubauer hnemocyto­

~eter c Conidial aggr egates were each r egarded as 
a "single conidium". 

(ii) Prepa~tion..2.£_§.~~d agar pl_at~ 

The conidi al suspension was added to 200 ml of 

double strength PDf.L held at, 50-55C and after 

thorough mixing the seeded agar was added to :petri 

dishes ( 17 ml per dish) and allo1Ivec1 to solidify c 

The pl at es were stored in a r efrigerator until 

used, usually within thre e hours. 

(iii) Bioass~ of tissu~~ i e ce s 

Three transverse sections (4 mm long ) wer8 cut 

froo each sterilized shoot at the following loca­

tions: 

(a) a section 0.5 to 1.0 era above the base of 
the shoo t. 

(b) a section fron; the middle of the shoot . 

(c) a s ection from the mar gin of gr een and white 
tissue (the soil line approximate ly). 

·Ni th the a id of a cork borer a l eaf disc (4 mm 

diarao) wa s 2.lso removed fron the mar gin of one of 

the younger le aves of each shooto 

All tissue pieces were then placed on the seeded 

agar plates and gently smoothed down to ensure 

good contact between the tissue and the agar sur­
face. Four tissue pieces (three sections and one 
disc) were placed on each plate. That is, one 

total shoot was assayed per platoo Ten shoots 

were assayed for each treatmento 

To dete~nine whether fungicide had penetrate~ ~eA~ 

tuber s , tissue from these tubers was plated to 

seeded agaro b core was removed from two tubers 

of each treatment with a cork borer (7 mm) and the 
outer 1 mm cap removed to avoid any effects of ex­

ternal f'Ungicidec Transverse sections (4 mm long) 
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were cut from several locations on these cores 
and plated to seeded agare 

All plates were incubated o. t 24C in the dark for 
three days. 

(iv) Recording of '.£._esul_t§ 

The results were r ecorded on the third day of 

incubation by averaging two measurements of the 
inhibition zone taken at right angles to each 

other~ Only the size of the clear zone was re­
corded, the intervening narrow annulus of :partial 

fungal growth being i gnored o The diamete r of 

each shoot section was deducted from the inhibi­
tion zone diamet er to obtain the effective dia­

mete r of the zone of inhibitiono The average 
effective dimneter of the inhibition zone of all 

re~lic at es was used fo r cornpnrison between 
tre a tment so 

The q_uanti ty of' benomyl in plated tissues may be 
estimated by reference t o the standard curve in 

Appendix IVo The curve shows the r el ationship 

between the q_uani ty of benomyl and the average 
effective diameter of a zone of inhibition. 

(ii) Results and Discussi21}: The results are presented in 

Figures 16 and 17 and indi­
ca te tha t benornyl, or :probably a fungi toxic deri va ti ve, 
MBC>:~ (Clemons and Sisler, 1969; Pet erson and Edging­

ton, 1969; Sims, Mee and Ervvin, 1969; Peterson and 
Edgington, 1970, 1971) became systemic with all treat­
mentso However, the extent of uptake depended a 
great deal on the planting mediwn used and the method 
of application of benomyl. 

For all methods of application the amount of 
fungitoxicant was greatest in shoot sections of plants 
grown in perliteo Considerably smaller zones of in­
hibition were produced from shoot sections from the 

soil and peat:perlite serieso This agrees with the 

* methyl 2 - benzimidazolecarbamate 
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Figure 17 Inhibition zones produced by different 
parts of potato shoots on Penicilliwn­
seeded agar following treatments in­
volving different planting media, and 
methods and rates of application of 
benomyl. 

control 
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incorporation 
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drench incorporation 
(500 ug/ml a.i.) (0.6 g/1 a.i.) 
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2. middle of shoat 
3. margin of green and 

white tissue 
4. leaf' (disc) 

c. Peat:perlite 



A. Perlite 

B. Soil 



8,5. • 

•• 
•. -

c. Peat:Perlite 



860 

f'indings of' other investig_at_ors (Hine 51:t, al .. , 1969; 
Zaronsky and Stipes, 1969; Hock, Schreiuer and 

Roberts, 1970; Pellissier 9 Lacasse and Cole, 1971; 
Schreiber, Hock and Roberts, 1971) who have shown 

that greater u~take of benomyl occurs from media low 

in organic matt e ro It is surprising that such little 

uptake occurred from the soil used in this experiment 

since it was low in organic matter .. 

In both perlite and soil slightly greater uptake 

of fungi toxicant occurred with drench applications 

than vvi th media incorporation.. Conversely in peat: 

perlite greater uptake resulted from media incorpor­

ations .. In all media the increased ap~lication rate 

(both drench ru1d inco r poration) resulted in larger 
zones of inhibition., 

As regards the distribution of the fungitoxicant 

in shoots, there was a progressive decrease in the 

amount from the base of shoots to the leaves in the 
perli te series where benomyl vvas applied both as a 

drench, and incorporated into the perlit eo However, 

in the soil and peat:perlite series distribution of 
fungicide was more erratico 

Where seed tubers were dusted with benomyl zones 

of inhibition of significant size developed only 

around those sections removed from the base of shoots, 

indicating limited u:i,;itake of fungicide. This was the 

case with all media. 

No zones developed around plugs of tuber tissue 

from any of the treatments showing that fungicide did 

not penetrate the tuber skino 

2 .. Experiment II 

In this experiment the uptake and translocation of 

benomyl, thiabendazole and captan.in potato shoots f'ollowing 

dust applications to tubers planted in both soil and perlite 
was investigated using the agar plate bioassay methodo The 

test organism used was a species of Penicillium highly sens­

itive to benomyl and thiabendazole, and to a lesser extent 

sensitive to captan (Appendix IV). 
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(i) Materials and Methods: Tubers were treated at a rate 

of 10 g 10% aoio fungicide 
dust per kg of tubers and p l e~ted in soil (sandy loam 9 

heat treated (80-90C for one hour), pH 607) or per­

lite (:pH 7 o 8) o 'I'he plants were harvested after 31 
days and 10 shoots per treatment assayed according to 

the procedure outlined in Experiment Io 

(ii) Results~ The r esults presented in Figur e s 18 and 19 

show that there was very little uptake of 

benomyl or thiabendazole beyond the b asal regions of 

shootso Zones of inhibition we r e slightly greate r 

from sections r emoved from shoots grown in perlite 

than from those grown ".n soilo The r esult s of' this 

experiment for benomyl agree with thos e obtained in 

Experiment Io 

No zones of' inhibition were obtained from sec­

tions removed from s hoots developing from captan 

treated tubers, indicating this fungic i de does not be­

come systemic in potato plantso 

The above experiment was re:peated with essentially 

simila r resultso 

3o Cone~ 

It would seem that the re is littl e bene~it to be ex­

pected from the systemic properties of benomyl and thia­

bendazole when applied as dusts to whole tubers since uptake 
was limited to the basal regions of shootso Reasons for this 

limited uptake are not readily apparento However, there 

would seem to be three possibilitie s: 

(i) Since uptake and accumulation of fungicide is depend­

ent on transpiration (Peterson and Edgington, 1971; 

Kirby, 1972) it is pooaible that lack of transpira­
tion was responsibleo However, in the foregoing ex­

periments plants were up to 7 to 10 cm high, particu­

larly when grovm in soil, thus allowing for consider­

able transpirationo Further, when applied as a drench 

to perlite uptake of benomyl was considerable, which 

suggests that the method of allplication rather than 
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FIGURE 18 Distribution of 

SOIL 

Fungitoxicant in potato shoots produced 

from tubers dust treated with Be nomyl 

or Thiabe ndazole and planted in soil or 

Perlite. 
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Figure 19 Inhibition zones produced by different 
parts of' potato shoots on Penicillium 
seeded agar following dust applications 
of' benomyl and thiabendazole to seed 
tubers planted in perlite or soil. 



transpiration itself was responsible for the limited 
uptakeo 

(ii) When fungicides are applied as tuber dustsy insuf­
ficient chemical 'Nas available in the root zone of 

shoots to allow for substantial uptake . 

(iii) It is :possi.ble that, rather t han being taken up by 

roots,the fungicides were absorbed directly b y shoot~ 

and hence zones of inhibition were produced only from 

sections removed from the basal regions of shootso 

It shoul d also be noted t hat in these experiments 

shoots were assayed at a specific point in time and 

the results give no indication of when uptake actually 

occurredo It could be that the limit ed uptake will be 

of no benefit because it does not occur soon enougho 

SY~TEMIC ACTIVITY OF~FUNGIC IDES AGAINSTwF.o 801,MLl 

One method of' determining the sy ste:raici ty of c: chemic al is 

to place it at a :position on the plant r emote from where disease 

expression occurs (Erwin, 1969)0 There is some difficulty in 

doing this with a disease such as black scurfo However 9 since 

captan, benomyl, thiabendazole are non-volati l e and rela tively 
insoluble .in water (Martin, 1971) it wa s thought that presumptj ,-,~ 

evidence for or agains t systemic activity of these fungicides ·· 
could be obtained by inoculating p lanting media in which dust 

treated tubers were g rovm. 

_1., Material and Methods: InocuJ.um-free seed was obtained by 

selecting tubers (var. I lam Hardy) 
with very few sclerotia, removing as many of the sclerotia 

as possible, and dipping the tub ers in the recommended con­

centration of MEMC ( 150 ug/ml a., i.) for t vro minutes. 

Groups of 75 tubers were then treated with dusts of benomyl, 

captan, thiabendazole (each 10% a.i.) at a rate of 10g 

fungicide dust per kg tuberso Untreated tubers served as 

controlso The tubers were planted 7 to 10 cm deep in coarse 

grade perlite at the rate of five tubers per planter bago 

Six days later plants were inoculated by pouring 

macerated agar cultures of Ro .fil2.~ over the perliteo The 
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isolate used was obtained from lesioned potato shoots and 
grown on PDAri in petri plates (9 cm) for seven days, after 
v1hich the cultures were macerated i n tap wa ter wi th a 

Waring blendero Three hundred millilitres of the resulting 
suspension were poured over each bag followed by 300 ml of 

tap wa tero Three inoculum l evels vrnre used: 

( a) one half of a 9 cm agar plate cultur e per bag 
("b) one and one-third agar plate cultures per bag 

(c) tvva agar plate culturesper bag 

Seventy five tubers of each fungicide treatment were inocu­

lat ed in this way: that is, twenty-five tubers for each 
inoculum level. Twenty-five tubers wer e l eft uninoculated 

as controls. 

At seven days and thirt een days after inocula tion 
each bag was watered with 300 ml of a potato broth* to pro­
vide 2 food base for the funguso 

After 29 days growth plants wer0 c'lug , -v1ashed and the 

shoots assessed for di sease damage. Diseas e indices were 
also calculated as for the glasshouse trials (p. 56 ). 

2. Results and Discu~ion: The results are :presented in 
Tab le XV o Uninoculated plants 

produced disease-free shoot s, indicating the effectiveness 
of the mercury dip treatment in inactivating tuber-borne 
inoculum, which in turn meant that infections developing on 

shoots of inoculat ed plants originated from inoculum added 

to the pe rli te o 

In all treatments the severity of disease progressively 
increased with each increase in inoculum level. Compared 

with the non-dusted controls, the fungicides did not control 
the disease at the lowest inoculum level. However, some re­
duction i n disease severity was effected by benomyl, thia­

bendazole and carboxin at the two higher inoculum rates. 
These results are regarded as providing presumptive evid­
ence for some systemic acitivity of these fungicides against 

inoculum present in the planting medium. 

* Prepared by boiling 2o5 kg of potatoe s in two litres of 
water for one hour and diluting the resulting extract 10 
times with tap water . 
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The limited control obtained was not surprising in 
view of the agar plate bioassays in Experiments I and II 
(Section A) shouing that uptake of b enomyl and thiabenda­
zole was limited and l argely confined to the base of 
shootso 

Since in the above expe riment inoculum was added to 
the perlite six days after planting, there was every oppor­

tunity for these :fungicides to provide systemic protection 

against Eo sol?Jl~• In a field situation, however, soil­
borne inoculu.rn v1ould be present at the time of planting, 

which may mean that infections could occur before the 

fungicides were taken up into shoots. 

The results failed to provide evidence that captan 

has systemic activity in potato plants. This was not un­
expected since no uptake and translocation could be demon­
strated in the agar plate bioassay of Experiment I: 

(S ection A~. 
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control 

ca:ptan 

benomyl 

thiabendazole 

carboxin 

Table XV Efficiency of fungicides applied as tuber dusts in controlling 
inoculum of Ro solani added to the planting medium (perlite)o 

IN0CULUM LEVELS 

--. 

a (lowest) b C (highest) 

I 
percentage shoots Disease :-'.~ percentage shoots Disease* percentage shoots 

in each class Index in each class Index in each class 
0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 

62 9 10 14 5 2.5 5 3 4 37 51 11o7 4 0 1 1 1 84 

71 0 10 12 7 206 23 0 0 8 69 11.8 4 0 0 2 94 

69 6 7 10 8 2o5 37 4 8 17 34 7o3 18 0 0 23 59 

62 8 12 9 9 2.8 26 4 8 20 42 9o0 17 2 9 34 38 

71 4 4 11 10 3.0 42 5 6 27 20 5o9 33 1 5 21 40 

-

* Index _ E(class
2 

x noo of shoots in a given class) 
- total noo shoots per treatment 

I Diseasei 
Index j 

14o5 

15.2 

11o5 

9.5 

805 

_J 

\0 
vJ 
0 
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»,PPENDIX ~l 

Q_OMJ:Q._SI)'ION _A.ND PRI'.£.LJ~.ATION OF . CULTURE ME:\2;I:A 

The medi. a were prepar ed as described b e l ow anc1 in all c a s es 

wer e sterili zed by autoc l avi ng et 15 p os .i. for 20 minut e so 

( i) L_ab orat9_r;y_ ·Qota t o-:-de~'t]'os e ag_n~ (PDA:r) 

agar (D avis) 12 g 

potato es (peel ed and sliced) 200 g 

dextrose 10 g 

distilled wa t e r 1,000 ml 

The sliced potatoes werG c ooked gently f or one hour in 500 

ml of di s tilled wa t er, aft er which t he filtrate was obtained by 

straining t hrough che e s e clotho The agar and dextrose were mel­

ted in 500 ml of distilled wa t e r anc1. the pota t o filtrat e then 

added. 

(ii) Difeo £Otato-~extrose aga~ (PDAn) 

potato dext r ose ag ar (Difeo) 39 g 

distilled wa t e r 1,000 ml 

The }?Ot a to-dextros e agar was soaked in the distilled water 
for approximately 15 mi nute s befor e autoclavinga 

(iii) Water ag§.:iz (WA) 

agar .(Davis) 
distilled Yva t er 

12 g 

1 ,OOO ml 

The agar was melted in 500 ml of distilled water and the 
solution made up to 1,000 ml. Penicillin and strep tomycin (each 

at 50 ug/ml) were added after autoclaving when the ag ar had 

cooled to a~proximately 5oc. 
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ISOLATION ~\.ND IDEN" TIFIChTION OF ,Eo SOLANI 

The following r:>rocedure s were emp loyed in those experi­

ments where it was n ec essary to confirm that Ro _fil)lani was in 

fact the fungus involved. 

J,. o ISOLATION 
~ -·~ 

Diseased ma terial (shoots, roots, stolons) was washed 

thoroughly in running t ap wat er for several minutes to re­

move associated debris and soil, and dried b e t ween clean fil­
ter paperso Tissue pi eces wer e cut with a fl amed sc alpel 

from the m2r g ins of h e althy and disease d tissue illLd plated to 

water agar con t a ining 50 ug/ml each of s t r ep tomycin and 

penicillin o Following incubation for t wo days a t 24C in the 

dark, hyphae of Bo ~sol agt h ad usually emanat ed from the tis­
sue pi ece s o The growt h r a t e of B~ sglc;mi wa s sufficiently 

r ap id to outgrow fungal and/or bacteri a l con t aminants and 
pure culture s of the fungus could b e obta ined by transferring 

an agar plug to PDl~., slopes or plat e s . 

Bo 1_J)Jw1TIFICI.TION 

Hyphae wer e examined under a com:i1ound microscop e (x100) 

and isolate s i dent i f i ed a s Bo .solani on the b a s is of the fol­

lowing crite ria (Par me t er and Whitney, 1970). 

1 o Branching n ear the distal sep tum of c ells in young 
hyphae . 

2. Constriction of the branch and formation of a septum 
in the branch near the point of origin. 

These t wo char acteristics are illustrated in Figure 20. 

Two further criteria, although lacking in some isolates 

of Ro solani (Parmeter and Whitney, 1970), were also used. 

1. Hyphae gre a t e r than 5u in diame ter. 

2o Rapid growth rate on culture media. 



Figure 20 Hyphae of B• solani on WA 
showing characteristic 
branching (x 200)• 
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APEENDI_X I :I:I 

SCREENING OF SEED LINZS FOR PATHOGB'l~IC Ro ;SOLANI ------------~---~~--~-------~ 
To determine to what extent pathogenic strains o:f ,Eo soJ.&ni 

were present on certi:fied seGd tubers, 23 lines (7 varieties) in 

1971 and 26 lines (11 varieties) in 1972 were screened as 
:follovrno 

Twenty tubers o:f each sample were :planted 10 to 13 cm deep 

in :perlite in planter bags (Figure 21)o For practical purposes 

perlite may be r eg arded as being :free of Bo solani which i mplies 

that any disease development must have arisen :from tuber-borne 

inoculum. Five tubers were planted per bag an6 the perlite 

watered at planting time and subs equently as r equired. 

After :four to :five weeks growth (when plants had emerged) 

the tubers were dug and the percentage of shoots with lesions 
recorded :for each s eed line. Frequent isolstions :from lesioned 

shoots (Appendix II) confirmed Bo so1§lni as t h e pathogen in­

volved. 

The results (Table s XVI and XVII) show that pathogenic 

strains o:f ,Eo so]&_n_i were r:iresent on all s eed lines examined, 

indicating seed tubers as a consistent source o:f inoculum. 



Figure 21 Planter bags used for seed 
screening. Potatoes after 
three weeks gr0wth in 
perlite. 
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Line 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
-14 
15 
16 
17 
18 
19 
20 
21 

22 
23 

Variety 

Ilarn Hardy 
II II 

II 11 

II II 

'a " 
" 11 

Ii ii 

" " 
ii II 

" ii 

II It 

ii II 

Rua 
II 

II 

11 

11 

11 

Sebago 

Glen Ilam 

Incidence of pathogenic R ~ solani 
on certified potato seedl~nes: 

1970- 71 

99. 

Origin r P e rc;ntage Sh~~ 
! with lesions . 

-- ~-· --- w - .J 

8outh Island 
I 

90 I ii " 93 
H Ii 84 
ii If 95 
II 11 93 
" !I 85 
II II 85 

" II 100 
II II 64 

No rth Island. 97 
II II 88 
If II 91 

South I s l and 63 
11 If 67 

North I sland 76 

" 11 75 
II ff 97 
II " 84 

South Island 95 
II ii 70 

Red King Edward " " 87 
Kurrel North Island 98 
Toru II " 80 

' . r., .;J° 1 



Line 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1 
12 
13 
14 
15 
16 
17 
18 
19 

20 

21 
22 
23 
24 
25 
26 

Table ~1 Incidence of' pathogenic Ra solani 
on certified potato seed-line~ 

1971-72 

100. 

Variety Origin Percentage Shoots . 
with lesions 

Il am Hardy South IRland 94 
" " If II 78 
II " tTorth I sla..1.d 66 

Rua South Island 46 
·H " " 76 
II ii II 46 
If If " 26 
If North Island 48 
,, ii H 21 

" " If 44 

" 11 II 36 
fl fl II 18 
fl II " 37 
i i " II 38 

Sebago !! II 82 
It II II 9 

Glen Ilam ii II 75 
VI II If " 67 

Aucklander Short If II 64 
Top 

" If II " South Island 55 
Kurrel North Island 38 
Rima II If 64 
Ono II " 54 
Katahdin South Island 53 
Dakota " " 88 
Pentland Dell II II 36 



JiPPENDIX,.--..£1. 

?TAN:QL_-ill.,DISATI_OF OF J~HB DIAMETJ:R OF THE 

INHIJiITORY _gmIE PRODUCEA...fil.Jlli9W:N~ 

Q,UANTlTIES OF . ][___lJNGIC IDE 

1010 

This experiment was conducted to enable estimation of the 

quantity of fungitoxicant present in shoot tissue of treated 

plants, and also to determine the sensitivity of the test fun­

gus to benomyl, thiabendazole and captan. 

Pen~cillium seeded agar plates were :prep ared 9 as previous­

ly described (po 79)o Suspensions of benomyl, thiabendazole, 

and captan at 0 9 5, 10 9 25, 50, 100~ 500 ug/ml aoio were pre­
pared in 20 ml of sterile distilled water from stock solutions 

containing 500 ug/ml aoio 

For each concentrati on of fungicide six wells were cut in 

the seeded agar plate s with a seven millime tre cork bor ero 

The number of wells per ]?late varied between on6 and fouro 

~H th the aid of a pipette Oo 1 ml o:f fungicide suspen sion of the 

appropriate concentra tion was added to each well. The plates 

were then incubated at 24C in the dark for three days. 

The diameter of the zone of inhibition was me asured by 

averaging two me asurements at right angles t o each other. 

Only the midcUe clear zone was r1 ecorded, the intervening nar­

row annulup of partial fungal growth being ignoredo To ob­

tain the erfective zone of inhibition the diameter of the well 

(7 mm) was deducted from the diameter of the zone measuredo 

The average effective diameter of the inhibition zone of all 

replicates was used for comparison between treatments. 

2. Results and Discussion 

The results presented in Table XVIII and Figures 22 and 

23 indicate that the fungus was sensitive to all three fungi­
cides and therefore suitable for use as a tes·t organismo How­
ever p benomyl and thiabendazole were more effective than cap­

tan in inhibiting growth of the fungus, with thiabendazole 

slightly more effective than benomyl. 
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Increasing the quantity of fungicide added to wells pro­

duced a progressive increase in the diameter of inhibition 

zoneso Thus the quantity of :fungitoxicant in tissue pieces 

can be estimated by using the curves in Figure 22 a Howevery 

diffusion of :fungicide into ag ar from wells may differ :from 

diffusion from tissue pieces 9 thus preventing precise calcul­

ations of the amount o:f :fungicide in plant tissue. 

Table XVIII Effective zone o:f inhibition produced by 
different quantities of benomyly thia­
bendazole and capt an on plates seeded 
with a Penicillium s:po and incubated for 
thre e days at 24Co 

,.:::.• • · ..., - --- -~• 

Concentration Eq_ui valent J).verage diamet e r effective in-
of fungicide amount of hibition zone (mm) 

used fung icide 
(ug/ml a.i.) (ug/7mm well) benomyl thiab endazole captan 

-- ·- -

0 I 0 0 0 0 

5 Oo5 11.0 6.o Trace 

10 1 .o 20.0 12. 1 Trace 
' 

25 2 .5 25.3 30. 1 5.0 

50 5 .0 27.0 32o0 10.0 

l 
100 1 o.o 29. 0 35o 0 I 21o0 

-~ 
500 50o0 39o0 I 25.0 

I 

I 
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Figure 23 Inhibition zones produced by krle>~ 
quantities of' f'ungicidea. Top :i::- ~, 
lef't to right, wells contain O , e()t- 5, 
1.0, 2. 5 ug a.1.; bottom row, :::L e:f--t 
to right, wells contain 5.0, 1-0- c,, 
50.0 ug a.1. 

A. benomyl 
B. thiabendazole 
c. captan 

104. 
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